Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


Publication number: 


I I II 

0 459 406 A1 


EUROPEAN PATENT APPLICATION 


© Application number: 91108706.2 
(;?) Date of filing: 27.05.91 


>) mt. cia C07D 333/38, C07D 409/10, 
C09K 19/34. //(C07D409/10, 
333:00,239:00), (C07D41 3/1 0, 
333:00,239:00), (C07D41 7/1 0, 
333:00.285:00) 


0 Pnority: 28.05.90 JP 135413/90 

Inventor: Iwaki, Takashi, c/o Canon Kabushiki 
Kaisha 

'/■;) Date ot publication of application: 

3-30-2, Shimomaruko 

04.12.91 Bulletin 91/49 

Ohta-ku, Tokyo(JP) 

Inventor: Yamada, Yoko, c/o Canon Kabushiki 

';*'•) Designated Contracting States: 

Kaisha 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

3-30-2, Shimomaruko 

Applicant: CANON KABUSHIKI KAISHA 
30-2, 3-chome, Shimomaruko, Ohta-ku 
Tokyo(JP) 

Ohta-ku, Tokyo(JP) 

Inventor: Nakamura, Shinichi, c/o Canon 
Kabushiki Kaisha 
3-30-2, Shimomaruko 

( ) Inventor Togano, Takeshi, c/o Canon 

Ohta-ku, Tokyo(JP) 

Kabushiki Kaisha 


3-30-2, Shimomaruko 


Ohta-ku, Tokyo(JP) 

( 0 Representative: BLihling, Gerhard, Dipl.-Chem. 

Inventor: Takiguchi, Takao, c/o Canon 

et al 

Kabushiki Kaisha 

Patentanwaltsburo Tiedtke-Buhling-Kinne 

3-30-2, Shimomaruko 

Grupe-Pellmann-Grams Bavariaring 4 

Ohta-ku, Tokyo(JP) 

W-8000 Munchen 2(DE) 


Mesomorphic compound, liquid crystal composition, liquid crystal device, display apparatus and 
display method. 


c;) A mesomorphic compound ropiosontod by the following formula (I): 


Y, Y., 


R 1 -X 1 -,f\ Z 1 -(e)- A ^ - X 2 - R 


co "i v r°i ~v>/--'M - a ?- k 2 on, 

o : > 
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Lf> iii'. iiiciiv j ore • u tw« 1 ■ *i nc^"' a* -n-neighn^i !U< j ?my ; eno groui >s which > :an he i enlaced w;h i K -S-, 
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-CH = CH-, -C=C- or 


X 
I 

-CH- 


wherein X denotes halogen; X- and X 2 respectively denote 


-O-, -C-, -OC-, -CO- or -OCO-: 

I! II II (i 


ooo 

Zi denotes 

-co- 
ll 

o 

or -CH 2 0-; Ai denotes a single bond, 


N N-N N-N 

sr- < 8 >- < 0 y ~ -Q-. 

and Y, and Y 2 respectively denote H, F, CI, Br, -CH 3 or -CF 3 with the proviso that Y, and Y- are not 
simultaneously H. The mesomorphic compound is effective for providing a ferroelectric liquid crystal composi- 
tion showing an improved low-temperature operation characteristic and a decreased temperature-dependence of 
response speed. 
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FIELD OF THE INVENTION AND RELATED ART 


The present invention relates to a novel mesomorphic compound, a liquid crystal composition a liquid 
crystal device, a display apparatus and a display method, and more particularly to a novel mesomorphic 
compound and a liquid crystal composition with improved responsiveness to an electric field, a liquid 
crystal device using the liquid crystal composition for use in a display device, a liquid crystal-optical shutter, 
etc., a display apparatus using the device, and a display method using the composition and device. 

Hitherto, liquid crystal devices have been used as an electro-optical device in various fields. Most liquid 
crystal devices which have been put into practice use TN (twisted nematic) type liquid crystals, as shown in 
"Voltage-Dependent Optica! Activity of a Twisted Nematic Liquid Crystal" by M. Schadt and W. Helfrich 
"Applied Physics Letters" Vol. 18, No. 4 (Feb. 15. 1971) pp. 127-128. 

These devices are based on the dielectric alignment effect of a liquid crystal and utilize an effect that 
the average molecular axis direction is directed to a specific direction in response to an applied electric 
field because of the dielectric anisotropy of liquid crystal molecules, tt is said that the limit of response 
speed is on the order of milli-seconds, which is too slow for many uses. On the other hand, a simple matrix 
system of driving is most promising for application to a large-area flat display in view of cost, productivity, 
etc., in combination. In the simple matrix system, an electrode arrangement wherein scanning electrodes 
and signal electrodes are arranged in a matrix, and for driving, a multiplex driving scheme is adopted 
wnerein an address signal is sequentially, periodically and selectively applied to the scanning electrodes 
and prescribed data signals aro selectively uppneo in parallel to the signal electrodes in synchronism with 
the addiess signal. 

When the above-mentioned TN-type h r.io crystal is used in a device of such a driving system, a 
certain electric field is applied to regions where a scanning eiectroao is selected and signal electrodes are 
not selected or regions where a scanning electrode is not selected and a signal electrode is selected (which 
regions are so called "half-selected points"}, if the difference between a voltage applied to the selected 
points ana a voltage applied to the half-selected points is sufficiently large, and a voitage threshold level 
required for allowing liquid crystal molecules to ho aligned or oriented perpendicular to an electric fie'd is 
set to a value therebetween, display devices normally operate. However, in fact, as the numbei (N) of 
scanning lines increases, a time (duty ratio) during which an effective electric field is applied to one 
selected point when a whole image area (corresponding to one frame) is scanned decreases with a tatio of 
1/N. Accordingly, the larger the number of scanning lines are, the smaller is the voltage difference of an 
effective value applied to a selected point and non-selected points when scanning is repeatedly effected. As 
a result, this leads to unavoidable drawbacks of lowering of image contrast or occurrence of interference cr 
crosstalk. These phenomena are regarded as essentially unavoidable problems appearing when a liquid 
crystal having no bistability (i.e. liquid crystal molecules are horizontally oriented with respect to the 
electrode surface as stable state and is vertically oriented with respect to the electrode surface only when 
an electric field is effectively applied) is driven (i.e. repeatedly scanned) by making use of a time storage 
effect. To overcome these drawbacks, the voltage averaging method, the two-frequency driving method, the 
multiple matrix method, etc. has been already proposed. However, any method is not sufficient to overcome 
the above-mentioned drawbacks. As a result, it is the present state that the development of large image 
area or high packaging density in respect to display elements is delayed because it is difficult to sufficiently 
increase the number of scanning lines. 

To overcome drawbacks with such prior a:* liquid crystal devices, trio use of liquid crystal devices 
having bistability has been proposed by Clark and Lagerwall (e.g. Japanese Laid-Open Patent Appln. No. 
1)6-107216. U.S.P No. 4367924, etc.). In this instance, as the liquid crystals having bistability. ferroelectric 
liquid crystals having chiral smectic C-phaso (SmC") or H -phase (SmH") are generally usee, ihese liquid 
crystals have bistable states of first and second stable states with respect to an electric field applied 
thereto. Accordingly, as different from optical delation devices in which the above-mentioned I"N-tvpe 
liquid crystals are used, the bistable liquid crystal molecules are oriented to first and second optically stab In- 
states with respect to one and the other electric :eTi vectors, respectively, f urther, this type ef liquid ee/sla! 
has a property (bistability) of assuming eithei .ne ■ >[ the two stable states in response: to an applied --teiic 
and retaining the resultant state m the absence e: an electric field 

In addition to the ahove-desenbed ohai acioi i die nj showing bistability, such a leuoeloctue liquid crystal 
'hereinafter sometimes abbreviated as "I LC"i ras an excellent property, i o., a high-snood responsiveness. 
This is because 'tie spontaneous oolai ication of the ferroelectric liquid crystal and an applied oiectric field 
directly interact with each other to induce tramsiiion of orientation states. I he resultant response speed is 
faster than the response speed due to the inter ceCi >n cotwoon oioeetrie anisotropy an<: an oi. etrio field by 
3 to 4 digits. 
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Thus, a ferroelectric liquid crystal potentially has very excellent characteristics, and by making use of 
these properties, it is possible to provide essential improvements to many of the above-mentioned problems 
with the conventional TN-type devices. Particularly, the application to a high-speed optical shutter and a 
d.splay of a high density and a large picture is expected. For this reason, there has been made extensive 
research with respect to liquid crystal materials showing ferroelectricity. However, ferroelectric liquid crystal 
matenals developed heretofore cannot be said to satisfy sufficient characteristics required for a liquid 
crystal device including low-temperature operation characteristic, high-speed responsiveness etc Among a 
response time r. the magnitude of spontaneous polarization Ps and viscosity the following relationship 
ex.sts: t - ,/(Ps E). where E is an applied voltage. Accordingly, a high response speed can be obtained by 
(a) .ncreasing the spontaneous polarization Ps, (b) lowering the viscosity or (c) increasing the applied 
voltage E. However, the driving voltage has a certain upper limit in view of driving with IC etc and should 
desirably be as low as possible. Accordingly, it is actually necessary to lower the viscosity or increase the 
spontaneous polarization. 

A ferroelectric chiral smectic liquid crystal having a large spontaneous polarization generally provides a 
large internal electric field in a cell given by the spontaneous polarization and is liable to pose many 
constraints on the device construction giving bistability. Further, an excessively large spontaneous polariza- 
tion is liable to accompany an increase in viscosity, so that remarkable increase in response speed may not 
be attained as a result. 

Further, if it is assumed that the operation temperature of an actual display device is 5 - 40 " C the 
response speed changes by a factor of about 20, so that it actually exceeds the range controllable by 
driving voltage and frequency. 

As described hereinabove, commercialization of a ferroelectric liquid crystal device requires a liquid 
crystal composition assuming a chiral smectic phase which has not only a large spontaneous polarization 
but also a low viscosity, a high-speed responsiveness and a small temperature-dependence of response 
speed. 

SUMMARY OF THE INVENTION 

Ah object of the present invention is to provide a mesomorphic compound, a liquid crystal composition 
particularly a chiral smectic liquid crystal composition, containing the mesomorphic compound for providing 
a practical ferroelectric liquid crystal device, a liquid crystal device using the liquid crystal composition and 
having a high response speed and a smaller temperature-dependence of the response speed a display 
apparatus using the device, and a display method using the composition and device. 

According to the present invention, there is provided a mesomorphic compound represented by the 
following formula (I): 


Y 1 Y 2 


R 1- X 1^-Zl^-A-,-X 2 -R 


2 (I) 


wherein R, and R 2 respectively denote a linear or branched alkyl group having 1 - 18 carbon atoms 
capable of including one or two or more non-neighboring methylene groups which can be replaced with -0-, 


_co ~' -° co -' -sc-, -CS-, 
o o O 0 o o 

-CH = CH-, -CsC- or 

X 
I 

-CH- 
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wherein X denotes halogen; Xt and X 2 respectively denote 

-O-, -C-, -OC-, - CO - or -OCO-; 

ii !; i! II 

O 0 o o 

7. * denotes 

-CO - 

II 

o 

or -CM O- Ai denotes a single bond. 



N N-N N-N 



and Y; and Y. respectively Jonoto M, F, CI. Be -OFF or -CF : . with the f)roviso that Y ■ and Y.« ar^ not 

simultaneously H. 

According to the present invention, tliero is further provided a liquid ctystal composition containing ai 
least one species of the mesomorphic compound as described above. 

1 lie present invention provides a liquid crystal device comprising a pair of electrode plates and the 
liquid crystal composition described above disposed between the electrode plates. 

The present invention further provides a display apparatus comprising the liquid ctystal device, and 
voltage application means for driving the liquid crystal device. 

The present invention still further provides a display method using the liquid crystal composition or the 
liquid crystal device described above and switching the alignment direction of liquid crystal molecules bv 
applying voltages to the liquid crystal composition to effect display. 

These and other objects, features and advantages of the present invention will become more apparent 
upon a consideration of the following description of the preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF 7RE DRAWINGS 

Figure 1 is a schematic sectional view of a liquid cr/stal display device using a liquid crystal composition 
assuming a ehual smectic phase; 

Figures '?. and 3 are schematic perspective views of a device cell embodiment for illustrating 'lie 
operation principle of a liquid crystal device utilioing fei rooiecti icity of a liquid crystal composition; 
I- igure 4 is a clock diagram showing a display apparatus comprising a liquid crystal device uti'icnq 
fei rnelertncity of a liquid crystal composition and a graphic controller; and 

Figure 5 is a time chart of image data communication showing time correlation between signal hansco 
and driving with msoect to a liquid crystal display apparatus and a graphic controller. 

DT 1 AILED DESCRIPTION OF 1Mb INVENTION 


In the formula (h as described above, preferred ■samples of Xi may includes a single bond. 
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-O- , -C- and -CO-, 


I! II 


o 


o 


particularly a single bond or 


-C- 

II 

o 


Further, X 2 may preferably include a single bond, 


°~' "u"' ~°9~' ~ c °- and -oco-. 


o 


o 


o 


particularly a single bond and -O. 

Preferred examples of Zi may include 


-CO-. 

K 

o 


Further, R, and R 2 each may preferably include the following groups (i) to (iv): 
(i) an n-alkyi group having 1-18 carbon atoms, particularly 3 - 14 carbon atoms- 
<») 


CH- 


^ CH 2^CH-C n H 2n + 1 


wherein m is an integer of 0 - 7 and n is an integer of 1 - 9 (optically active or inactive)- 
(iii) 


HCH 2+F CH -^H^ OC t H 2t + 1 


wherein r is an integer of 0 - 7, s is 0 or 1 , and t is an integer of 1 - 14 (optically active or 
(iv) 


CH 2 CHC x H 2x+1 
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wherein x is an. integer of 1 - 16 (optically active or inactive). 
Preferred examples of Ai may include 


N N-N N 

<0)-~ or HfV f particularly -(dV- • 
N V S N 

Furtho:, V- ,i r ;d Y. : each may pteierabiy include H, F, Cl, -GH.j ot -CF; 3 , particularly H or F. 

The mesomorphic compounds represented by the general formula (!) may be synthesized through tec 
following reaction scnemes. 
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(Case where X is a single bond 


RCC1 


+ S 


PICON (CH 


3 y 2 


P0C1-, 


R ~h"O" CH0 
B s 

o 


LiAlH, 


Ag 2 Q 


R 


or -C-) 

II 
O 


SnCl y 


*-C-f\ H 2 NNH 2 -H 2 Q 

O S 


KCON (CH- 


POC1- 


R— CH-,-^ V-CHO 


CH 2 OH 


fl \/ (I 

O 0 


i) -a 



Ag 2 0 


R— CH 


:0 


2 \_/^ CH 2 0H 


ii ) -a 


ii) -b 


In the above. R denotes a linear or branched alky) group optionally substituted. 
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Case where X is 


-O- 


-00 - 

i; 

o 


> i ' -000--) 
I; 

o 


w 


>0 


CU 3°^_y^ CH 2 OH 


HBr 


OH 


S 


CIUCOC1 


SnCl , 


CH 


ecu. 


O 


NaOBr 
NaOH ao 


con 

i 

o 

li Bi" 


o 

in.) ^ 


HO-V >CH n OH 


i .1 J a 


n 
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5 


10 


15 



In the above, R denotes a linear or branched aikyl group optionally substituted and Z, denotes -CH 2 OH 
or -COOH. 

20 


25 


30 


35 


40 


45 


50 


10 


EP 0 459 406 A1 


Caso whore X is -OC-) 

; i 
1 1 

o 


ch <:c 


SnCl 


CH - C 


O 


HCON (CH 3 ) 
POCl n 


C 


LiAlH 



Ag 2 G 


NaOBr 


CIU-C-/ VcOH 

3 i vy I! 


O 


ROH 


O 


HOC 

II 

o 


CH 7 OH 


ROH 


CH 3 C 


CO-R 

o o 


N.-jOHr 


R-OC 

s 

o 


i.v ~a 


In Iho abova. R :ian n los a linear or b; an< hail alk\'i i.|rou; ; ntitinrul'y sui 


1 1 
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(Case where is -CO - ) 

II 

O 


R ' ~ x --^y-coH > R.-x.-fy-cc* 


0 

Y.Yz 

H 0 A , - X a - R 


S' II 
0 


Y,Y 2 


0 


(Case where is -CH 2 CH 


R.-X.-Q-CH.OH -IiEL-» R.-X,-f)_ c „. 0T! 

(Ts: tosyl) V S' 

Y,Y Z 

HO-^-A, — X 2 — R 


Y,Y 2 



R ' ~ X,_ f^V CH -°-AO/- A , — X 2 — R 


Specific examples of the mesomorphic compounds represented by the above-mentioned 
formula (!) may include those shown by the following structural formulas. 
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" " C 3 H , -f C (1 -^OHO)- 0 C 0 H , 7 - n 


0 


( I -1 


" - C « H ' ' ~\ }~ C 0 -toW0)- 0 C , o H 2 , - n 


0 


( I -3) 


n-c.n,,~fy-co-^-^y-c,, 


H 2 3 - n 


( I 


li ' 

i ! 


^ b) 


0C H • 
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1-5) 

F 

- C a H . 7 -Q- C0-^)-{o)- occ 7 H 

0 0 

I -6) 

F 

~ C 6 H • 3 "Qh 0C a H , 

0 

I -7) 

F 

" C5H,1 "^S°^HQ}-oc 6 h i 

0 

I -8) 

F 

:tHi i~0~li 0 ~)2HQ>- oc ' oh 

0 0 F 
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( I - I 3 


F F 


n " C 6 H ' 3 ~0~ C0-^HO>- OC a H , 

0 


( I -14) 


n-CsH, .C-f^coHpHoy-OC, ,H 
0 0 


( I - 1 5) 


n - C a H t r -Q- c 0 H^WOV- C C t o H 

J! " 
0 o 


( I - 16) 


F 

n - c < H 9 ~Vh co-h(o>~{0>- OC , 2 H 

^ II 

0 
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( i -17 


n - C 3 H 7 ^ V C 0 -{OV- COCoH 

0 0 

( I -18) 


n - C a H i 7 


i 


(1-19) 


n - C 6 H , 3 



( 1 -20) 


" H., (I X- CO (( ))- 0 ( ; , ..n ., 

\ || X ' ' ' ' 

0 
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I -21) 


i-CsH. 3-f^coHHKo>-ococ 8 H 

0 


0 


I -22) 


CgHi 'h~Q~" n° ~(PHo>-oc 12 h 

0 0 


I -23) 


c 7 H • 5 ~i^h J°-{oho)- OCC s H t 

0 


0 


I -24) 


CH 
I 


C 2 H s CH-KH 2 -)-3-fl-C0 

V S ' I! 
0 



Oh- OC , o 
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( I -29) 


70 


F F 


n-C.H, .C-Q-C0~@-CC.H, 7 -n 
II X S' || x — ' || 

o 0 0 


75 


( I -30) 


20 


r 

n-C 8 H l7 -(~)-C0-^)- 


S' || 
0 


0C 6 H , 3 -n 


25 


( I -31) 


30 


35 


40 


45 


50 


n - C i 2 H 2 s CO ^O) (O) — 0C 6 H x 3 - n 

0 


( I -32) 


X S 7 



CH 


n - C < H <, — /~V~ C 0 f O) 0 — {- C H 2 f-s— C H C z H 


0 


55 


20 


EP 0 459 406 A1 


( I 3 3) 



( I -34) 


I! X S 7 
0 


( I 3 : ) 


-C « li „ -Q- C 0 -Hg)-{0)- 0-eCH *H-CH0CH , 

n 


( i -3 r, ) 


n -^ M «-f^--C0--^)-{G~V- <; H „ 17 


co^oHO)-oc s ii, 

0 


i - n 
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50 


( I -37) 


10 


n - C , 2 H 2 s -Q- C0Hg)-(O>- 0C t oH 2 , -n 

0 


T5 


( I -38) 


20 


CH 


n-C G M l7 -(^coH^)H^CO^H 2 ^CHC 2 H 

0 


2 n 5 


0 


25 


( I -39) 


30 


35 


CH 

n " C « « • CO-^HO)- 0-{CH 2 }^-CHOC 

0 


H, , 


( I -40) 


45 



55 
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I -45) 

\ CH 3 
- C 6 H , 3 -(j- C 0~(gy~ o-fCH 2 ^CH OC 3 H 7 

o II — 
0 

I -46) 

F 

n - C 3 H t C 0 (O) (O/ C 6 H ! 3 - n 

S II v — ' n — J 
0 

r -47) 

F 

n - C 3H 7 -(^C0H§HO)-C 12 H 2s -n 
S || v — ' jyj 

0 

I -48) 

F 

n - C 3 H , C 0 -^H N qV_ 0 c g H _ 

0 
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(I - 4 \) ) 


i. - C « H 9 ~(~\- C 0 

0 


S 7 II 



N • 


;°>-p 


CsH i i ~ n 


( i 


5 0 ) 


n - C « H o C0-^)-( N O)- C G H 


S' II v — ' N 

0 


- n 


( I - 5 1 


F 


n - G ., H 9 (/ ^ C 0 <A_) ) ( (_) ) — C a H i t - n 

0 


( I 5 2) 


ii C « H « — 


CO 

I! 
0 


N 
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I -53) 


F 

n-C,H 9 -Q--C0-^ 

0 


N 


N 


Oh- CH 

i — ? 


I -54) 


n-C,H s ^)-C0-^)-|o)_c, 

0 


H 


2 n 2 


I -55) 


r 

n - c , h s ~{^y~ c o Aoy-i^)- 

0 


OCsH , 


I -56) 


n - C < H 


S' || 



co-^gHoy-oceM, 

II — ' M — 
0 


26 


EP 0 459 406 A1 


( I ■ 5 7 ) 


n - C , H 9 


S 1 II 


F 

co-Y6V-{ N 0)-oc 9 h, 

II N - 7 

0 


g - n 


( I -58) 


n-Cslli i — 


F 


N 


co--toMOVcr.il, 3 -n 

II ) J w~ J 

0 K 


( 1 -59) 


— ( N- 


n-C s H, .TVcO-^OHO}-c 7 H, 5 -n 

V ^ ' II V ' M / 


S' II ^ N 

0 


( I -60) 


n - C ,, H 


V 7 [I X M — / 


OC (1 H 


?7 
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( I - G I ) 


70 


n-C s H lt -f^-C0Hg 

0 


N- 


N 


Oh- oc , , 

r — / 


15 


( I -62) 


20 


r 

n-CsH^C-f^cO-^Toy-c. 


o o 


H 


25 


( I -63) 


30 


35 


F 

n - C 6 H , 3 -<Qf~ c 0 ~^)-|o)-C 6 H, 

0 


( I -64) 


40 


45 


N 


n-C 6 H, 3~V hC0iOHO)-C e ll 
S II v — ' n 

0 



50 


55 
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( i o f> ) 


n-C, ; H,,-7 V" CO— (OHOV-C 
S y If v — J N — 
0 



( 1 -66) 


n-Cr.ii, 3 >-co-<0>-{ N oV-(; 

0 


( 1 -G7) 


F 


n -C 6 H , 3 CO— f 
II \S 
0 



C0-{O 
I! 
0 


N 


N 


( I -GS) 


<?9 
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50 


( I -69) 


10 


r 

n-C 7 H ls -^C0-^g}^ 


S' II x ' ft- 


C 7 H 1 


75 


( I -70) 


20 


a-C 7 H ls -^f^co-^)^0^ Ci3H2: 


S 7 II ' ' f\f- 
0 


25 


( I -71) 


30 


35 


F 


n-C 7Hl5 -^f^C0-{o^ N O^ 


S' II " N 
0 


OCsH , 


40 


( I -72) 


45 


s- ii — N 
0 


55 
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( I -73) 


n ' ^ b ii , 7 --TV- co^oj-foV c , o 

0 


i - n 


( 1 -74) 


CK. 


n - C n H , 


N- 


COHO/MOKCsll, , -n 
II V - 7 N 
(J 


( I -75) 


r 

n-C 8 H, v-f^-CO-^-fo^CaH. 7 -n 


S' II v — ' N- 

0 


( I -7G) 


II " N ~ 


o 11 r i - n 
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( I 7 7) 


10 


n - C a H . 7 -T>- C 0 -^)-< N o) 

S II v — ' n —f 
0 


C, ,H 


2 3 ~ n 


75 


( I -78) 


20 


r 

n-CsHivOC C 0 OO) C t o 


S' II 
0 0 


H 2 x -n 


25 


( I -79) 


30 


35 


40 


r 

n - C , H , . -Q- C 0 -jgj-fe)- C , H , . - n 

0 


( I -80) 


45 


n - C g H , 



N 


U V. / ^ — / 


0 


50 


55 
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( I -85) 



15 


( I -86) 


20 


r 

n-C..H,,-Q-C0-^5)-|<^- 

0 


25 


( I -87) 


30 


35 


40 


r 

n - C i o H 2 i C c 0 (Q^ — C 


S' II " ' N - 

o o 


( I -88) 


45 


n-C, ,11 


S 


0 F 


50 


55 


34 


EP 0 459 406 A1 



EP 0 459 406 A1 


( I -93) 


F 



( I -94) 

F 



36 


EP 0 459 406 A1 



37 


EP 0 459 406 A1 


( I - 1 0 1 ) 


S' II ' — ' N 
0 


iCH 2 f 


( I -102) 


CH 3 

C 2 H s CH— (CH 2 K— CO— (O 

0 


N- 


II v — 7 N 


oy-c 


( I -103) 


CH 


F F 


c 2 h s ch— ecH 2 h— f~)- co-^-fg)- c 

o N 


( I - 1 04) 


n-C « H 



co-^o 

0 


N-N 

( S y-C 6 H 


38 


EP 0 459 406 A1 


( ! - I 0 fj ) 


n " c ^ ,u -f>-j o --fe)-i"y-c I ,H Z1 -n 


( I 10G) 


n-C « fU — 


F 

n-n 

u 


( I 10 7) 


n-Coll, CO 
V S 7 || 

0 


V— > N-N 


i 3 - n 


(1-1 0 8 ) 


n - C „ il 


i.i v y - - {'. 
^ 1 il 


N -N 

" {C))"\[ j C ,11,3 n 


39 


EP 0 459 406 A1 


50 


( I - I 09 ) 


W 


"-CH..C-^)-C0-@-f J-c.H, T -n 

0 0 


75 


20 


( I -110) 


r 

n " CaH --O-C0--^)-^"y-.CsH I ,-n 


0 


25 


( I -111) 


30 


35 


F F 

n-CaH. 7 -f^y-C0-^-|^ Cl2 H, 5 -n 

0 


( I -112) 


45 


n-C 9 H I9 -(^C0-^o)-| y-CaH 17 -n 

0 


55 


40 


EP 0 459 406 A1 



41 


EP 0 459 406 A1 


50 


( I -117) 


10 


o o 


N-N 


0 


2 s - n 


15 


( r -U8) 


20 


n-CH.,-Q-C0^>-|-5-c. 1 H 

0 


2 3 - n 


25 


( I -119) 


30 


35 


"-c»..-Q-co-^^ Cl . 

0 


H 2 i - n 


( I - 1 20) 


45 


F 


0 


55 


42 


EP 0 459 406 A1 


( i -in 


n - C , o H z > — C 0 
V S 1 II 
0 



N-N 


0 


J — C o H i 7 - n 


( I - 122) 


n - C , = II 7 


, x N-N 
II V--./ \ 0 / 


( I -12 3) 


F 


n - C 3 H 7 - 



co-<o 

II 

0 


N 

Oh C 7 H, s -n 
N 


(I 12 4 ) 


ii C < H 


™- <Q> -(Ohi:, ,n, 

II - J v - N 
0 


■i - n 


■13 


EP 0 459 406 A1 


( I - 1 2 5) 


r 

n - c . h , 3 ~Q- c o -igHg>- C . 


S" II — v_ N 

0 


( I - 1 26) 


r 

n-c 8Hl7 c-^-^co-^)^g N )-c IO 


S I! vi^fj 

o o 


( I - 1 27) 


n - C , 2 H 2 5 -Q~ c 0 HSWOT- C 9 H 

0 


( I - 1 28) 


F 


n-C s H 11 C-|^cO^O}^ y-C G H 

0 o s 


44 


EP 0 459 406 A1 


( I -12 9) 


r 


S' I! 

0 


H 2 , - n 


( I M30) 


n - C „ H ■ 7 — V C 0 "~{0/~"f~y - C,„[| ; ,-n 

0 


( I -13 1) 


F 

0 


( I -13 3) 


n - G 


1 1 ! 1 ? 3 


\\- 


co-{0 


i i n 


4H 


EP 0 459 406 A1 


( I -13 3) 


70 


r 

n-C^H^-^y-GO-^V-fy-c.H, 


S' II — v S 

0 


75 


( I -134) 


20 


n - C e H , 3 -(^V C H 2 0 -XO H O Y- 0 C . H 


25 


( I - 135) 


30 


n - c 8 H ' 7 CH 2 °-\oHo>- oc s h 


35 


40 


45 


50 


55 


( I - 1 36) 


n-CHs-V^CH.O-O/MOV-CsH 


46 


EP 0 459 406 A1 


n-C«H. 7 ~~<{ J-CHzU-iOy-OCt ,H 23 -n 


( I -13 8) 


0 


( I - 1 39 


i 

n-CsHu^y-CHeO-^)- 


0 C j 2 H 2 5-n 


( I -14 0) 


n CH 


C " * 0 <0H0V- COCoH 


i - n 


■17 


50 


55 


EP 0 459 406 A1 


( I - I 4 I ) 


10 


" - C ' ° H J ~Q~ C H , 0 -(OHO}- C . H 
0 


75 


( I -142) 


20 


n-C.H 9 -Q-CH 2 0-<O>-0C I 2 H 



2 5 


25 


( I -143) 


30 


F F 


n - C , 2 H 2 s -Q- CH 2 0 -^oV-<O>- OC 6 H 


35 


( I - 1 44) 


40 


45 


n-C, «H 23 -Hry-CH 2 0-^)-C0C 8 H 17 


0 


48 


EP 0 459 406 A1 

(' ! M T> ) 


F 



49 


EP 0 459 406 A1 


( I -14 9) 


n-C , 2 H 2 s— {^y~ CH 2 0— (Q 

5 


N 


N 


O)— C 6 H i 


15 


( I -150) 


20 


r 

n-C.H.-^^CHzO-^HO^C. 


H 


25 


( I -151) 


30 


n-C , , H 2 ^V- 


i n 2 3 — ^ ^ — CH 2 0 



;o/M N oV 


C 7 H , 


35 


( I -152) 


40 


45 


50 


55 


n-CsH, ,C0-^~y-CH 2 0-{O 
0 



N 


<OV-C 9 H , 
N — 


50 


EP 0 459 406 A1 



EP 0 459 406 A1 


10 


( I -15 7) 


n-C 6 H , 3 ~ f~)— C H 2 0 — 


( I - 1 58) 


N 


.O/ C 8 H i 7 - n 


15 


20 


r 

n - c ' H,T {-0- c ««o-bi^u 

0 


H 


2 3 ~ n 


25 


( I -159) 


30 


CF 


n-C.H 9 -(~y-CH 2 0-{o 

S 


N 


<0)— OC x oH 2 t - n 
N — 


35 


40 


45 


50 


( I - 160) 


F F 

n - c 7 H ■ s -Q- c H 2 0 -^-< N o 


N 


s-J/ 0C t ]H 27 -n 


55 


52 


EP 0 459 406 A1 


( ! i r> i ) 


n-CJ 5 0C^)-CII 2 0-^O / MO}-C 8 H 17 -n 

o N 



N 


( I -16 2) 


F 


N 


n - C 3 H 7 C v ^ v — C II ? . 0-/OHO 


0 C , ,H 


2 3 ~ n 


0 


( 1 -16 3) 


C5 


n - C 


i> N — 


H z i - n 


( I -16 4) 


n - C , H 


, , N - N 


53 


EP 0 459 406 A1 


( I -16 5) 


10 


n - C < H 3 ~^}~ CH 2 0— (Q 


N-N 


V— C . 2 H 


2 n 2 


75 


( I -166) 


20 


F F 


n-C 6 H 13 ^)-CH 2 0-^-|~y- 


C 8 H i 7 


25 


( I -167) 


30 


n " C t H i s C CH 2 0 ^O) — C ! z H 2 

0 s 


35 


40 


45 


50 


55 


( I - 1 68) 


n - C 8 H , 



N-N 


CH 2 0-^O)-^ y-CaH 


54 


EP 0 459 406 A1 


( I -Id ) 


n •• C , z H 


2 11 Z S 


N-N 

s 


( I -17 0) 


F 


n-C 6 H, ;i ^J-CH 3 0-(O}-( y-C 10 H 



N-N 


z \ n 


( I -17 1) 


n - C 9 II , 



i 3 - n 


( I - 1 7 2 


n - C , , H 7 3 C 


0 



N-N 


55 


EP 0 459 406 A1 


17 3) 


»-CtH , s— f^y~ CH 2 0— (o 


N 

Oh- C 9 H , 
N 


-174) 


C , 0 H 2 t — CHzO 



;ohoh c a H i 

N 


-175) 


F 


C . 2 H 2 s~ {'"y- CH 2 0— (O 


N 

OhCoH 
N 


-176) 


r 


56 


EP 0 459 406 A1 


( 1-17 7) 


n - C 7 H 15^-0- CH 2°-®-O- C l2 H 25- 


O 


: i-i 78) 


r 

n - C 9 H l9-0- CH 2°-k>-0- C 6 H 13- n 


(1-179) 

F 

S |] N 
O 


(1-180) 


n - c 5 H ii-O^ 0 -^>-<9)- c i 


S || N 

O 


2 H 25 -n 


(1-18 1) 


,l "S H 1 3-0^°-fe>^9) " c 1 o H 2 r n 


5/ 


EP 0 459 406 A1 

(1-182) 

F 

"- C 8«1 7-Q-JO^-fo>-C sBl 3 -n 

o 


(1-183) 

F 

o 


(1-184) 

F 

o 


(1-185) 

F 

n " C 4 H 9<>-fOH^q^C 9 H 1 9 -n 
S II N iy 

O 


(1-186) 

F 

n - c 4 H 9-f>-f 0 -^q) 

O 


C 1Q H 21 -n 


58 


EP 0 459 406 A1 


( T - 1 8 7 ) 


S N 


0 


(1.-1 88) 


n - C 6 H 13<V^^{6>-C 10 H 2l -n 

^ N 


O 


89! 


F 

/ N. 


n - C 8 H 17^"?°^©-(Q)-C 8 H 17 -n 


S II ~ N 

0 


(1-190) 


n " C 8 H 17<>^ 0 ^Q>iO>-Sl H 23- n 


■S || N 

O 


(1-191) 


n - C 10 II 21-O^°^§HO>-C G H 1 


59 


EP 0 459 406 A1 


(1-1 92) 


n - C 12 H 25<)-CO^)4b>C 6 H 1 


O 


(1-193) 


CH. 


r 

10 H 21 


O 


(1-194) 


c 2 H 5^>; o ^b>c 1 


O 


2 H 25 


(1-1 95) 


O O 


C 16 H 33 


(1-196) 


'S:.- || " N 

0 


C 14 H 29 


60 


EP 0 459 406 A1 

(I- 1 97) 

F 

o 


(1-1 98) 

F 

c 5 a ii"^V|°-^-<<^-«:H^ S c 6 „ 13 

o 


( T - 1 9 9) 

F 

C 6^3<^jf 0 ^O>-~K:H 2 ^ CH=CH 2 

o 


(1-200) 

F 

o 


( r-2 0 1 ) 

F 

S0 H 2i<)-^^>-<O>-^3H 7 

S || N 

O 


61 


EP 0 459 406 A1 


(1-202) 


F 

C 15 H 3,-<^°^-<0>CH3 

o 



(1-204) 



(1-205) 


P 

o o 


(1-206) 


F 


ch 3 ch<:h 2 ^co^--co^) 1 o)- Ci 2 „ 
o O o 


62 


EP 0 459 406 A1 


(1-20 7) 


F 

/ N. 


C ll3 0^)-CO^gH6)-C l8 H 


N- 37 


o 


(1-208) 

F 

o o 

(T-209) 

F 

CH-=C^CH 2+1 o^)-CO^O>-C , 2 H 2 5 

o 

(1-210) 

F 

O O 


( 7-2 1 1 


F 

, — ( N , 


',,H3^j-CO-(0^(?)-C 2 n 5 


63 


EP 0 459 406 A1 


(1-212) 


CH. 


c 2 h 5 occhohQ-co^)^o>-oc 12 h 25 


o 


(1-213) 

F 

<= S ", , S f H 2 CH 2°|-Q-jf°-^>{c5hC 12 H 2s 

o 0 0 

(1-214) 

F 

C 2 H 5 CSCH 2 CH 2 CO^>-CO^KO)-c 1 ^ 

o o o 

(1-215) 

F 

C 17 H35-Q-|°-^>-rO>OC 2 H 5 

O 


(1-216) 


C 4 H 9 H (^? 0 ^^P>-OC -fCH^ 


O 


o 


2 3 [I 3 

o 


64 


EP 0 459 406 A1 


(1-217) 


C 3 H 7^)-jj0-<2)-<O>- 


o 


-^CH^Hr- OCC r H , 
^ 2 j| 5 1 1 

O 


(1-218) 


F CH 3 


C 8 H T7<>f-@-OCHCOC 5 H 11 


o o 


(1-219) 


C 4 H 9"Q-<j 0 -^>-©-OCH 2 CH 2 CSC3H. 

o o 


(1-220) 


c 5 H i 1 ^^co-^V<5)-o-k:h 2 -)- t -scc H 


•4"9 


o 


o 


(1-221 ) 


r 

C 3 H 7 OCO^-CO^p>C 10 H 2l 


O 


65 


EP 0 459 406 A1 


(1-222) 


C 18 H 37 


O 


(1-223) 


3 . 7 OCO-4CH I f T -OHf^-CO^O>-<0>-oc, .1 


C-.H 


O 


s' II 
o 


12 1 


(1-224) 


C 4 H 9^0"CO^>-<Q>-0- < CH2^ r OCOC H 

s j] : — *J || ^ b 

O 


O 


(1-225) 


O 


F F 


(1-226) 


I 

: 4 H 9 kcH 2 o^)-co^>^Q)_ Ci 0 » 


21 


0 


66 


EP 0 459 406 A1 


{ I - 2 >! 7 ) 


o 


The liquid crystal composition according to the present invention may be obtained by mixing at least 
one species of the compound represented by the formula (I) and another mesomorphic compound in 
appropriate proportions. The liquid crystal composition according to the present invention may preferably be 
formulated as a liquid crystal composition capable of utilizing forroolectricity, particularly a liquid crystal 
composition showing a chiral smectic phase. 

Specific examples of another mesomorphic compound as described above may include those denoted 
by the following formulas (III) to (XI). 


Y* 

(III) 

wherein e denotes 0 or 1 and f denotes 0 or 1 with proviso that o + f = 0 or 1: Y' denotes H. halogen. CH? 
or CF; ; ; X- ' and X-' respectively denote a Single bond, 

-CO-, -OC-, -O- or -OCO-; 

i S 1 

GO O 

and X,;' and X.-' respectively denote a single bond, 

-CO-, -OC-, 

o o 

-OCH : >-or -CH. : 0-. 

In the formula (ill), preferred < ompounds thoioof may include those represented by the following 
formulas dlla'j to (Hide 


v -v<6V<3>.v -»v 


V -N v ' 


( I T I a ) , 
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if 


R 1 ' r_ x i 


i'-v^£$®-v-(h>-v-v 


(Illb) , 


(IIIc), and 


<IIId) . 


X 2 «-R 2 « 
(IV) 


wherein g and h respectively denote 0 or 1 with proviso that g + h = 1 ; i denotes 0 or 1 ; X- ' and X 2 
respectively denote a single bond, ~ ~ 

-CO-, -OC-, 

II ff 

o o 


-O- or 


-OCO- ; 
fi 

o 


and X 3 \ X*' and X 5 ' respectively denote a single bond, 


I i 

o o 

-CH 2 0- or -OCH 2 -. 

In the formula (IV), preferred compounds thereof may include those represented by the followina 
formulas (IVa) to (tVc): 
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- R 2* 


( IVa ) , 


: i'-v<«)<£J<Q>-v-r 2 


(IVb), and 


Ht ' -X, * -( H 


0><p>* 5 ' 


X 2 ' -R 2 ' 


( IVc) . 


R 1 '->-, 


Y 3' 


(V) 


>b v.'horein j denotes 0 or 1; Y;'. Y : >' and >V -ospectively denote H. halogen, Cl-b or CF-: Xi' and X; 
lespeetivoly denote a single bond, 

-CO-, -OC-, -O- and -OCO-; 

1 I II 

O O o 


and X;,;' and X.:' respectively denote a single bond, 


-CO-, 

o 


-OC-, -CH 2 0-, -OCH 2 -,-CH 2 CH ? -, -CS-, -SC-, 
I ' ' I II 

° o o 

tCH 2+?CS- r 4CH 2 -)jCO-, -CH=CH-CO- or -O- . 
i "II 8 


In the formula (V), preferred compounds thereof may include those represented by the following 
i umuias (Va) and iVt ) 
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R. 


v-v 



x 2 --r 2 « 

V 



( Va ) , and 


(Vb) . 


(VI) 

wherein f I and m respectively denote 0 or 1 with proviso that k + I + m = o, 1 or 2- X, • and X 
respectively denote a single bond, — ' 2 


T- T' 

o o 

-O- or 

-OCO-; 
(I 

o 

and X 3 ' and X*' respectively denote a single bond, 

-co-, -OC-, 
o O 


-CH 2 0-or -OCH 2 -. 

form l lMVIa) r to U ( l VIO V,) ' C ° mP ° UndS there ° f may indude those ^presented by the following 
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R 1 ' " X 1 ' < * >X 3 ' <OXO> X 2 ' - R 2 ' 


(Via) , 


(VIb) , 


R l '-X 1 



-R- 


(Vic) , 


(VId) , 


(Vie), and 


(Vlf ) 


.?5 Here ; n. R- ' and FV respectively denote a linear or branched alky! group having 1-18 carbon atoms 

capable :f including one or two or more non-neighboring methylene groups which can be replaced with -CH 

halogen- and capable of further including one or two or more non-neighboring methylene groups omer than 
those erectly connected to X/ or X.--' which can bo replaced with at least one species of 


-o-, -C-, -oc- f 


!! 

o 


o 


CN CN 

I I 

-CO-, -CH- and -CCIK-, 

I! 3 

o 

with proviso that R;' and H : >' respectively do net eon • ; to a ring structure by a single bond when R-' and 
fV i ospecti veiy denote a halogenated alkyl group containing one methylene group replaced with -CH 
halogen-. 

f : nither, preferred examples of R/ and HP' may respectively include those represented by the following 
groups m to (vii): 

i'i a moar a i k y I group having 1 - 1 5 carbon ."Corns; 
ib 


CH- 


4CH 2 4-- <-H-C q H 2q+1 


•moioin p denotes an integer of 0 - 5 and q denote? an integer of | - n (optically active or inactive): 
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CH- 


4CH 2 VCH^H 2 )^OC t H 2tfl 


wherein r denotes an integ.er of 0 - 6. s denotes 0 or 1, and t denotes an integer of 1 - 14 (optically 
active or inactive); 
iv) 


F 
I 

^H 2 ^-CH^C v H 2v + 1 
wherein u denotes 0 or 1 and v denotes an integer of 1 - 1 6 

v) 


I 

-CHCOC H 0x - 
O 


wherein w denotes an integer of 1 - 15 (optically active or inactive)- 

vi) 


CN 
I 

-fCH 2 ^ r CH-C g H 2g+1 

wherein A denotes an integer of 0 - 2 and B denotes an integer of 1 - 15 (optically active 
inactive); and 
vii) 


CN 


^ CH 2^T <p C DH 2 D + 1 
CH 3 


wherein C denotes an integer of 0 - 2 and D denotes an integer of 1 - 15 (optically active or 
inactive). 

In the above-mentioned formula (III), more preferred compounds thereof may include those represented 
by the formulas (lllaa) to (Hide): 
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\0)~\0)- O — R 2 ( III a a ) 



OC-R 2 ' 

li 

O 

CO--R 2 ' 
II 

o 

O-R o ' 


( IE a b ) 


(ffl a c ) 


(IHad) 


R 2 ' ( ni ba ) 


-N 




:0>~<0)-XO>- o-r 2 ' ( m b b ) 


(o>- (o) -(C)) • oc- k 2 ' ( m b c ) 


N 


II 
O 


O 


( III I) d ) 
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R i ' 


Y' 



OC 
II 

o 


OCH 


R 


Y' 


R 


( m ca ) 


(Icb) 


Y' 


R 


( in cc ) 


R i ' 



(led) 


R i ' 



( IH da ) 


R , ' 



and 



OCH 2 — ( H) — R 2 ' 


( HI d b ) 


R •> ' 


II 

O 


( nr d c ) 


In the above-mentioned formula (IV), more preferred compounds thereof may include those represented 
the formulas (IVaa) to (IVcd): 
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( IV a a ) 



N 


R . ' -<0>-<OV-<0>- o-r 2 ' 



(IV ab) 


-N 


R , ' —{ H )— <0>— (O) — R 2 ' 
-N 


( IV b a ) 


R , ' 


--N 


o 


R 2 ( IV c a ) 


ana 


R t ' - "(S)":"^|-(p)- CH 2 o -<0)- R ?, ( iv c b ) 


In the above-mentioned formula (V), more preferred compounds thereof may include those represented 
by the formulas (Vaa) to (Vbf): 
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50 



( V aa) 


10 


R i ' ~@-co-<g>--R 2 ' 


o 


( V ab) 


15 


20 


R i ' -<0>-cs -h;o>-r a ' 

II 

o 



(Vac) 


R i '-<§>— CH 2 CH 2 -<§>-R 2 / ( V a d ) 


25 


30 


35 


40 


45 


R i ' CH 2 CH 2 CO — (O)— R 2 ' ( V a e ) 


O 


R i ' -^D)-ch=chco -hQ>-r 2 ' 

o 

R i ' H§>-ch 2 o -@-R 2 ' 


( V af ) 


( V ag) 


R i ' -YOV-CH 2 CH 2 CS -Vo)— R 2 ' ( V a h ) 

II W 
O 


55 
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( V b a ) 


( V b b ) 


(V be) 


( V b d ) 


( V be) 


( V !.f ) 


In ino aoove-montionod formula (VI), morn prof erred compounds thereof mav include those represented 

i.)y the r "Manias (Vlaa) to (Vlfa): 


EP 0 459 406 A1 


R i ' -YhV oc -VqWS 
w (i 
o 


R <> ' 


(VI aa) 


R * ' -<h}-ch 2 o -^oWoV- R a ' 


(VI ab) 


R , ' -<H 



h)-oc R 2 ' 

o 


R x ' H^h)-<h)-och 2 ~{o)-r 2 ' 


( VI ba) 


( VI bb) 


R i ' co -(d) 

II W 

o 


R -> ' 


( VI da) 



R i ' "<0>-<hV-co-(o>- R 


and 

R i " — ( H 



CO 
II 

o 


CO 

II 

o 


o 



R 2 ' 


( VI ea ) 


( VI f a ) 


wherein E denotes 0 or 1; X,' and X 2 ' respectively denote a single bond, 

"JO-, -OC-, -o- or -OCO-; 

o o h 


(VII) 
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and X 3 ' denotes a single bond, 


-CO-, -oc- 

S il 

o o 

-CHoO- or -OCH-. 


„ N 

R 


(VIII) 

lb 

wherein F'and G respectively denote 0 or 1; X< T and X/ respectively denote a single bond, 

-CO-, -OC- 

r I 

o 6 

or -0-; and X.-' einO X.-.' respectively denote a single bond. 

-CO-, -OC-, 

I I 

° ° 

-CH,0- or -OChh-. 

In the above formula (VII), profound compounds thereof may include those represented by the following 
formulas (Vila) and (VMb): 

35 



V^/ 4 (Vila), and 

o 

-<0>-^J\0>«4' <vn,,. 

o 

In tho above formula (VIII), preferred compounds thereof may inr!i:oo ;h>so represented by the 
foiiwoinq formulas (Villa) and (VII lb). 


'V XO^JHC,' (Vr: ..,) , and 


/9 
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More preferred compounds of the formula (VIII) may include those represented by the formulas (Vlllaa) 

to (Vfllbb): ' 


(Vlllaa) , 


^^Qj^^A . (Vlllba), and 

^'^^f^V (Vlllbb). 


Herein, R 3 ' and FV respectively denote a linear or branched alkyl group having 1 - 18 carbon atoms 
capable of includmg one or two or more non-neighboring methylene groups which can be replaced with -CH 
halogen- and capable of further including one or two or more non-neighboring methylene groups other than 
those directly connected to X/ or X 2 ' which can be replaced with at least one species of 

-O-, -C-, -OC-, 
CN CN \\\\ 

-CO-, -CH- and -CCHn- 

I 3 
O 

with proviso that FV and FV respectively do not connect to a ring structure by a single bond when FV and 
FU respectively denote a halogenated alkyl group containing one methylene group replaced with -CH 
halogen-. 

Further, preferred examples of R 3 ' and FU' may respectively include those represented by the following 
groups (0 to (vii): y 

i) a linear alkyl group having 1-15 carbon atoms; 


I 3 

-<- CH zV CH - C q H 2q + 1 
wherein p denotes an integer of 0 - 5 and q denotes an integer of 1 - 1 1 (optically active or inactive); 


CH-j 

_(.CH 2 ^CH-tCH 2 ^OC t H 2t + 1 

wherein r denotes an integer of 0 - 6, s denotes 0 or 1, and t denotes an integer of 1 - 14 (optically 
active or inactive); 
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F 
I 

+ch 2 4itCh-c v h 2v + 1 


wherein u denotes an integer of 0 or 1 and v denotes an integer of 1 - 16; 

v) 


CH 3 


- CH GOC w H 2w+1 


O 


wherein w denotes an integer of 1 - )[> (optically active or inactive): 

/I) 


CN 
i 


-f CH 2*X- CH - C H H 2B+1 


wherein A denotes an integer of 0 - 2 and B denotes an integer of 1-15 (optically active or 
inactive): and 


CN 
I 

-tCH 2 -^-C-C R H 2 D + 1 
CH 3 

wherein C denotes an integer of 0 - 2 and D denotes an integer of 1-15 (optically active or 
inactive). 


R 5 


'- x i *^<^ x 3'->ir^r-x4 , Kg>-(x 5 -^^- r x 2 '-R 6 - 


(IX) 

hutch' tl and J respectively denote 0 at 1 with oroviso that H +- J - '.) m ', , X- ' and X.' respectively 
■..•nolo a single bond, 

-CO-, -OC- 

I B 

o o 
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or -O-; A-' denotes 


N-N 


and X 3 * and X*' respectively denote a single bond, 


-CO-, -OC-, 

I II 

o o 


-CH 2 0- or -OCH 2 -. 


wherein Xi' and X 2 ' respectively denote a single bond, 


-CO-, -oc- 
« II 

o o 


or -0-; A2' denotes 


N — V -N 
and X 3 ' and X*' respectively denote a single bond, 

-CO- , -oc- , 

s 11 

o o 

-CH 2 0- or -OCH2-. 


R 5 '-V-A 3 '-X 3 '^^|^x 2 '-R 
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therein Xi' and respectively denote a single bond. 


-CO- , -OC 

1 II 

o o 

-0-; AV denotes 
md X/ respectively denotes a single bond, 


OfbO- cr -OCH,-. 

In the above formula <IX). preferred compounds thereof may include those represented by the following 

-rmulas (IXa) to (IXe); 



(IXa) , 


( TXb) , and 


( IXc) . 


In the above fo'mula (X), profaned compounds thereof may include those represented by the following 
•nmuias iXa) and <Xb): 



lr the abuvt*-montioned formula <IX>, more : >m >fem.-d c tm pounds tht;rooi may include those repr est -;nted 
v ; il-e tormUas iiXa;-0 to (IXec): 
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R 5 ' ~ A r -<{3>- 0 V (IXab), 

R 5'- A i'-<©H>|V (IXac), 

O 

R 5'-°- A r-<^V (IXad), 

R 5'- A r-<gXg>-R 6 ' (IXba), 

v-°-vK5Xq>-v dxbb), 


R s • - a i • -<pxo>ocr 6 - ( lxbc , t 

o 

R 5 ' " A 1 ' <^°|-<^- R 6 ' ( IXbd ) , 

o 

R 5 ' " A 1 " ^> OC «2^S>-R6 * ( IXbe ) , 


R 5<0> A r<0> R 6' (IXca), 


R 5 * <C)>-V <0>- OK 6 ' (IXcb), and 

R s'^&^'-<&°<~H' (IXcc,. 


o 


In the above-mentioned formula (X), more preferred compounds thereof may include those represented 
by the formulas (Xaa) to (Xbb): 
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R c * -A, 


'5 -'V \0>°?A H > R 6 ' 


O 


(Xaa) , 


o 


( Xab ) , 


( Xac ) , 


( Xba ) , and 


(Xbb) 


0 


In the above r'otmula (XI), piofonod compounds thereof may include those represented by the following 
rmoias (Xla) to (XIq): 


R rj ' -A 3 ' -CO- 


O 


o 


(Xla ) , 


( xib) 
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(Xld) , 


V-V-co^p^-v (XIe)f 

o 


R S , -°-V-<»-^<^-V (XIf) r and 


o 


(Xlg) . 


Herein, R 5 ' and FV respectively denote a linear or branched alkyl group having V- 18 carbon atoms 
capable of including one or two or more non-neighboring methylene groups other than those directly 
connected to X 1 ' or X 2 ' which can be replaced with at least one species of 

-C-, -J-, -OC-, -CO-. 

CN CN O O O 

\ I 
-CH- and -CCH3-. 

Further, preferred examples of FV and FV may respectively include those represented by the followinq 
groups (i) to (vi): y 
i) a linear alkyl group having 1-15 carbon atoms* 
ii) 


I 3 

-tCH 2 tp-CH-CqH 2 q + 1 

wherein p denotes an integer of 0 - 5 and q denotes an integer of 1 - 1 1 (optically active or inactive)- 

iii) 


<? H 3 


^CH 2 ^-CH-fCH 2 -^ OC t H 2t + 1 
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wherein r denotes an integer of 0 - 6, s denotes 0 or 1 and t denotes an integer of 1 - 1 4 (optically 
active or inactive); 

IV) 


f l 3 

-CHCOC w K 2w+1 


10 O 


wherein w denotes an integer of 1 - 15 (optically active or inactive); 

v) 

CN 
i 

~* CH 2"hr CH ~ C B H 2B4-1 

wherein A denotes an integer oi 0 - 2 ana B oonoies an integer of 1-15 sopticallv active nr 
inactive); and 
vi) 


CN 
I 


wherein C denotes an integer of 0 - 2 and D denotes an integer of 1 - 1 5 (optically active nr 
35 inactive). 

In formulating the liquid crystal composition according to the present invention, the liquid crystal 
composition may desirably contain 1 - 80 wt. %, preferably 1 - 60 wt. %, more preferably 1 - 40 wt. % of a 
mesomorphic compound represented by the formula (I). 

Further, when two or more species of the compounds represented by the formula (I) are used, the liquid 
•jo crystal composition may desirably contain 1 - 80 wt. %, preferably 1 - 60 wt. %, more preferably 1 - 40 wt. 
%, of the two or more species of the compounds represented by the formula (I). 

The liquid crystal device according to the present invention may preferably be prepared by heating the 
liquid crystal composition assuming a chiral smectic phase prepared as described above into an isotropic 
liquid under vacuum, filling a blank cell comprising a pair of oppositely spaced electrode plates with the 
composition, gradually cooling the cell to form a liquid crystal layer and restoring the normal pressure. 

Figure 1 is a schematic sectional view of an embodiment of the liquid crystal device utilising 
ferroelectricity prepared as described above foi explanation of the structure thereof. 

Referring to Figure 1, the liquid crystal device includes a liquid crystal layer 1 assuming a chiral 
smectic phase disposed between a pair of glass substrates 2 each having thereon a transparent electrode 3 
:, ; :.) and an insulating alignment control layer 4. Lead wires 6 are connected to the electrodes so as to apply a 
driving voltage to the liquid crystal layer 1 from a power supply V. Outside the substrates 2. :-i pair of 
polarizers 8 are disposed so as to modulate incident light F from a light source 0 in cooperation with the 
liquid crystal 1 to provide modulated light I. 

Each of two glass substrates 2 is coated with a transparent electrode 3 comprising a film of In-Os, 
sr> SnCF or ITO (indium-tin-oxide) to form an electrode plate. Further thereon, an insulating alignment control 
layer 4 is formed by rubbing a film of a polymer such as polyimide with gauze or acetate fiber-planted cloth 
so as to align the liquid crystal molecules in the rubbing direction further, it is also possible to compose 
the alignment control layer of two layers, e.g.. bv first forming an insulating layer of an inorganic material, 
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such as silicon nitride, silicon nitride containing hydrogen, silicon carbide, silicon carbide containinq 
hydrogen, silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide 
z.rcomum ox.de. titanium oxide, or magnesium fluoride, and forming thereon an alignment control layer of 
an organ.c insulating material, such as polyvinyl alcohol, polyimide. polyamide-imide, polyester-imide 
polyparaxylylene. polyester, polycarbonate, polyvinyl acetal. polyvinyl chloride, polyvinyl acetate' 
polyam.de. polystyrene, cellulose resin, melamine resin, urea resin, acrylic resin, or photoresist resin" 
Alternatively, it is also possible to use a single layer of inorganic insulating alignment control layer or 
organic insulating alignment control layer. An inorganic insulating alignment control layer may be formed by 
vapor depos.t.on. while an organic insulating alignment control layer may be formed by applying a solution 
of an organ.c insulating material or a precursor thereof in a concentration of 0.1 to 20 wt % preferably 0 2 - 
to wt %. by spinner coating, dip coating, screen printing, spray coating or roller coating, followed by curing 
or hardening under prescribed hardening condition (e.g., by heating). The insulating alignment control layer 
may have a thickness of ordinarily 30 A - 1 micron, preferably 30 - 3000 A, further preferably 50 - 1000 A 
The two glass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 
electrode plates") and further with insulating alignment control layers 4 thereof are held to have a 
prescribed (but arbitrary) gap with a spacer 5. For example, such a cell structure with a prescribed gap may 
be formed by sandwiching spacers of silica beads or alumina beads having a prescribed diameter with two 
glass plates, and then sealing the periphery thereof with, e.g., an epoxy adhesive. Alternatively a polymer 
film or glass fiber may also be used as a spacer. Between the two glass plates, a liquid crystal assuming a 
ch.ral smect,c phase is sealed up to provide a liquid crystal layer 1 in a thickness of generally 0 5 to 20 
microns, preferably 1 to 5 microns. 

The ferroelectric liquid crystal provided by the composition of the present invention may desirably 
assume a SmC phase (chiral smectic C phase) in a wide temperature range including room temperature 
particularly, broad in a lower temperature side) and also shows high-speed responsiveness, a smaller 
temperature-dependence of response speed and wide drive voltage margin when contained in a device 

Particularly, .n order to show a good alignment characteristic to form a uniform monodomain the 
ferroelectric liquid crystal may show a phase transition series comprising isotropic phase - Ch phase 
(cholesteric phase) - SmA phase (smectic C phase) - SmC* phase (chiral smectic C phase) on temperature 

Q6Cr ©3S0. 

The transparent electrodes 3 are connected to the external power supply 7 through the lead wires 6 
Further, outside the glass substrates 2, polarizers 8 are applied. The device shown in Figure 1 is of a 
transmission type and is provided with a light source 9. 

Figure 2 is a schematic illustration of a liquid crystal cell (device) utilizing ferroelectricity for explaining 
operation thereof. Reference numerals 21a and 21b denote substrates (glass plates) on which a transparent 
electrode of, e.g.. ln 2 0 3 . Sn0 2 , ITO (indium-tin-oxide), etc., is disposed, respectively. A liquid crystal of an 
SmC -phase (chiral smectic C phase) or SmH'-phase (chiral smectic H phase) in which liquid crystal 
molecular layers 22 are aligned perpendicular to surfaces of the glass plates is hermetically disposed 
therebetween. Full lines 23 show liquid crystal molecules. Each liquid crystal molecule 23 has a dipole 
moment (PJJ 24 ,n a direction perpendicular to the axis thereof. The liquid crystal molecules 23 
continuously form a helical structure in the direction of extension of the substrates. When a voltage higher 
than a certa.n threshold level is applied between electrodes formed on the substrates 21a and 21b a helical 
structure of the liquid crystal molecule 23 is unwound or released to change the alignment direction of 
respective liquid crystal molecules 23 so that the dipole moments (Pjj 24 are all directed in the direction of 
the electric field. The liquid crystal molecules 23 have an elongated shape and show refractive anisotropy 
between the long axis and the short axis thereof. Accordingly, it is easily understood that when, for instance 
polarizers arranged in a cross nicol relationship, i.e., with their polarizing directions crossing each other are 
disposed on the upper and the lower surfaces of the glass plates, the liquid crystal cell thus arranged 
unctions as a liquid crystal optical modulation device of which optical characteristics vary depending upon 
the polarity of an applied voltage. 

Further, when the liquid crystal cell is made sufficiently thin (e.g., less than about 10 microns) the 
helical structure of the liquid crystal molecules is unwound to provide a non-helical structure even in the 
absence of an electric field, whereby the dipole moment assumes either of the two states i e Pa in an 
upper direction 34a or Pb in a lower direction 34b as shown in Figure 3, thus providing a bistable condition. 
When an electric field Ea or Eb higher than a certain threshold level and different from each other in polarity 
as shown in F.gure 3 is applied to a cell having the above-mentioned characteristics by using voltage 
application means 31a and 31b, the dipole moment is directed either in the upper direction 34a or in the 
ower d.rect,on 34b depending on the vector of the electric field Ea or Eb. In correspondence with this, the 
liquid crystal molecules are oriented in either of a first stable state 33a and a second stable state 33b 
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When the above-mentioned ferroelectric liquid crystal is used as an optical modulation element, it is 
possible to obtain two advantages. First is that the response speed is quite fast. Second is that the 
orientation of the liquid crystal shows bistability. The second advantage will be further explained, e.g., with 
reference to Figure 3. When the eiectric field Ea is applied to the liquid crystal molecules, they are oriented 
in the first stable state 33a. This state is stably retained even if the electric field is removed. On the other 
hand, when the electric field Eb of which direction is opposite to that of the electric field Ea is applied 
thereto, the liquid crystal molecules are oriented to the second stable state 33b, whereby the directions of 
molecules are changed. This state is similarly stably retained even if the electric field is removed. Further, 
as long as the magnitude of the electric field Ea or Eb being applied is not above a certain threshold value, 
the liquid crystal molecules are placed in the respective orientation states. 

Based on the arrangement and data format comprising image data accompanied with scanning line 
address data and by adopting communication synchronization using a SYNC signal as shown in Figures 4 
and 5, there is provided a liquid crystal display apparatus of the present invention which uses the liquid 
crystal device according to the present invention as a display panel portion. 

Referring to Figure 4, the ferroelectric liquid crystal display apparatus 101 includes a graphic controller 
102, a display panel 103, a scanning line drive circuit 104, a data line drive circuit 105, a decoder 106. a 
scanning signal generator 107, a shift resistor 108, a line memory 109, a data signal generator 110, a drive 
control circuit 1 1 1, a graphic central processing unit (GCPU) 1 12. a host central processing unit (host CPU) 
1 13, and an image data storage memory (VRAM) 114. 

Image data are generated in the graphic controller 102 in an apparatus body and transferred to a 
display panel 103 by signal transfer means shown in Figures 4 ana 5. The graphic controller 102 principally 
comprises a CPU (central processing unit, herein referred to as "GCPU") 112 and a VRAM (video-RAM. 
image data storage memory) 114 and is in charge of management and communication or image data 
between a host CPU 113 and the liquid crystal display apparatus (FLCD) 101. The control or the display 
apparatus is principally realized in the graphic controller 102. A light source is disposed at the back of :he 
display panel 103. 

Herembelow, the present invention will be explained more specifically with reference to examples. ;t is 
however to be understood that the present invention is not restricted to these examples. 

Example t 

4-(5-undecyi-2-pyrimidinyl)-2-fluorophenyl 5-hexy!thiophene-2-earboxylate (Example Compound No 1- 
65) was synthesized through the following steps i) - v). 
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i) 

SnCl, 


n-C 5Hll CCl + Q < ^ „-C 5Hl1 C^ 

° O 


ii> 

H 2 NNH 2 H 2 0 


5H11 |\) , n-C 6 H 13 -^) 


n-C c H, iC- 

\o / > "'^"ISI 

o 3 


iii) 

n - C 6 H 13-f^ + HCON(CH 3 ) 2 + POCl 3 


n-C 6 H 1 3 -^~^-CHO 


iv) 

Ag 2 0 


-=6»1 3-0-CHO n^C 6 „, 3 ^ycO« 


V) p 

n - C 6 H 13<^>COH + HO-^K(^>-C 11 H 2 3-n 

o 


DCC 



N— \ H S O N 


Step i) Production of 2-hexanoylthiophene 
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In a 5 liter-five-necked flask, 187.3 g (2.23 mol) of thiophene, 300 g (2.23 mol) of n-hexanoyl chloride 
and 2.7 liter of dry benzene were placed and cooled below 0 °C. To the mixture under stirring, 237.9 g 
(9.13x10^ mol) of SnCU was added dropwise in 1 hour below 0 ° C. The mixture was stirred for 30 min. 
below 0 C. followed by stirring for 3.5 hours while being gradually restored to room temperature. After the 
reaction, 2 liter of 10 % HCI was added to the reaction mixture, followed by stirring for 10 min. The 
separated organic layer was successively washed three times with 500 ml each of 10 % HCI, water, 5 % 
Na 2 C03 and water, followed by drying with CaCb and distilling-off of the solvent to obtain 408 g of a crude 
product. The crude product was subjected to reduced-pressure distillation in an atmosphere of nitrogen to 
obtain 313.4 g of a pure product (yield: 77.2 %). 

Step ii) Production of 2-hexyithiopheno 

In a 10 liter-five-necked flask, 300 g (1.65 mol) of 2-hexanoylthiophene, 582.1 ml of 60 % hydrazine 
hydrate and 5 liter of diethylenegiycol were placed and reacted for 2 hours at 180 "C with distilling-off of 
excessive water and hydrazine hydrate. The mixture was cooled to 110 ° C and 313.7 g of KOH was added 
thereto, followed by heating again for 2 hours of reaction at 180 °C. After the reaction, the reaction mixture 
was poured into 10 liter of water, extracted two times with 2 liter of isopropyl ether and washed four times 
with 2 liter of water, followed by drying with CaCI- and distilling-off of the solvent to obtain 285 g of a crude 
product. The ciude pioduct was subjected to reduced-pressure distillation in an atmosphere of nitrogen to 
obtain 230 g of a puie product (yield; 83 %). 

Step in) Pmductinn of 5-hoxyithiophene-2-carbaldohyde 

In a 3 iiter-four-nocked flask, 173./ (2.38 mol) of N,N-dirnethylformamide was placed and cooled to 5 
' C, followed by addition of 201.4 g (1.31 mol) of POCI 3 in 15 min. below 10 " C under stirring. After stirring 
for 30 min oelow 10 C. 200 g (1.19 mol) of 2-hexyithiophone was added dropwise to the mixture in 10 
min. at loom temperature, followed by stirring for 1.5 hours and further stirring for 2 hours at 60 " C. After 
the reaction, the reaction mixture was poured into 5 liter of ;cod water, subjected to 3 times of extraction 
with 2 liter of chloroform and washed 6 times with 2 liter of water. The organic layer was dried with GaCb, 
followed by distilling-off of the solvent and reduced-pressure distillation in an atmosphere of nitrogen to 
obtain 199.2 g of a product (yield: 85.0 %). 

Step iv) Production of 5-hexylthiophene-2-carboxytic acid 

In a 5 liter-four-necked flask, 90.0 g (4. 59x10"'- mol) of 5-hexylthiophene-2-carba!dehyde, 540 ml of 
ethanol and a solution of 171.0 g of AgNO;* in 540 ml of water were placed. A solution of 91.8 g of NaOH in 
270 ml of water was added dropwise to the mixture in 30 min. at room temperature, followed by stirring for 
1.5 hours. After the reaction, the reaction mixture was subjected to filtration, and the filtrate was acidified 
with 6N-HCI to precipitate a crystal. The crystal was recovered by filtration to provide a crude product. The 
product was subjected to recrystallization from 50 % hydrous ethanol to obtain 74.5 g of a pure product 
(yield: 76.6 %). 

Step v) Production of 4-(5-undecyl-2-pyumidinyl)-2-fluorophenyl 5-hcxylthiopheoe-2-car boxylate 

1.0 g (4.72x10"" mol) of 5-hexylthiophenc-2-( oaiboxy lie acio. 1 .02 g (4. ;*2x10"~- : ' mol) 4-(5-undecyl-2- 
pyrimidinyi)-2-fluorophenol, N.N'-dieycIohexylcarbodiimiao (DCC) and 0.03 g of pyrr olidinopyridine were 
dissolved in 30 mi of dichloromethane. followed by stirring overnight at room temperature. After the 
reaction, the insoiublo matter was filtered off, followed hv distillinq-oif of the solvent to obtain a crude 
product. The crude product was purified by silica ,y.J column chromatography (oluent: toluene) and 
recr ystallized from a mixture solvent (ethanobet^yl aootato) t< ; obtain 1.86 g ot a pure product (Yield: 73.2 

Phase transition : ompuratur o f C) 

62.4 81 .0 

Cryst. ^ N *Iso. 

36.2 80.3 
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Herein, the respective symbols denote the following phases, Iso.: isotropic phase, N: nematic ph. 
and Cryst: crystal. 

Example 2 


4-(5-octyl-2-pyrimidinyl)-2-fluorophenyl 5-butylthiophene-2-carboxylate (Example Compound No. 1-51) 
was prepared in the following manner. 

0.74 g of the above compound was prepared in the same manner as in Example 1 except for using n- 
butanoyl chloride instead of n-hexanoyl chloride in the step i) and 4-(5-octyl-2-pyrimidinyl)-2-fluorophenol 
instead. of 4-(5-undecyl-2-pyrimidinyl)-2-fluorophenoi in the step v) (Yield: 39.4 %). 

Phase transition temperature (° C) 


65.2 77.4 

Cryst. N ^ * Iso. 

40.0 76.2 


Example 3 

4-(5-undecyl-2-pyrimidinyl)-2-fluorophenyi 5-buty!thiophene-2-carboxylate (Example Compound No. I- 
53) was prepared in the following manner. 

2.25 g of the above compound was prepared in the same manner as in Example 1 except for using n- 
butanoyl chloride instead of n-hexanoyi chloride in the step i) (Yield: 81.2 %). 

Phase transition temperature (° C) 


67.2 80.8 

Cryst. ^ N . * iso. 

34.9 79.9 


Example 4 


A liquid crystal composition A was prepared by mixing the following compounds in the respectively 
indicated proportions. 
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Str uctural formula wt . parts 



51 . 57 


25 . 79 


12.89 


1.19 


1.19 


2.37 


O 

F 


C 12 H 25<OKQ^ OCH 2 CHC 6 H 1 3 2.50 

F 

C 1 0 H 21 ^V\Q)- 0 CH 2 CHC 6 H 1 3 2 . 50 


The homo crystal composition A was furthoi mixed with the following Example Compound No. i -05 in 
the proportions indicated boiuw to provide a liquid crystal composition 1.3. 


Ex.Comp. No 
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Structural formula 


wt. parts 


1-65 ^H^HQ-jfO-^KC^C^H^-n 

o 

Composition A 

The liquid crystal composition B showed the following phase transition series. 
Phase transition temperature (* C) 

8.8 46,0 59.5 71.2 
Cryst. *SmC* * SmA * Ch. ~Iso. 


Ch.: cholesteric phase, 

SmA: smectic A phase, and 
SmC": chiral smectic C phase. 


Example 5 


Two 0.7 mm-thick glass plates were provided and respectively coated with an ITO film to form an 
electrode for voitage application, which was further coated with an insulating layer of vapor-deposited Si0 2 . 
On the insulating layer, a 0.2 %-solution of silane coupling agent (KBM-602, available from Shinetsu Kagaku 
K.K.) in isopropy) alcohol was applied by spinner coating at a speed of 2000 rpm for 15 second and 
subjected to hot curing treatment at 120 " C for 20 min. 

Further, each glass plate provided with an ITO film and treated in the above described manner was 
coated with a 1.5 %-solution of polyimide resin precursor (SP-510. available from Toray K.K.) in 
dimethylacetoamide by a spinner coater rotating at 2000 rpm for 15 seconds. Thereafter, the coating film 
was subjected to heat curing at 300 °C for 60 min. to obtain about 250 A -thick film. The coating film was 
rubbed with acetate fiber-planted cloth. The thus treated two glass plates were washed with isopropyl 
alcohol. After alumina beads with an average particle size of 2.0 microns were dispersed on one of the 
glass plates, the two glass plates were applied to each other with a bonding sealing agent (Lixon Bond, 
available from Chisso K.K.) so that their rubbed directions were parallel to each other and heated at 100 * C 
for 60 min. to form a blank cell. The cell gap was found to be about 2 microns as measured by a Berek 
compensator. 

Then, the liquid crystal composition B prepared in Example 4 was heated into an isotropic liquid, and 
injected into the above prepared cell under vacuum and. after sealing, was gradually cooled at a rate of 20 
C/hour to 25 * C to prepare a ferroelectric liquid crystal device. 

The ferroelectric liquid crystal device was subjected to measurement of the magnitude of spontaneous 
polarization Ps and an optical response time (time from voltage application until the transmittance change 
reaches 90 % of the maximum under the application of a peak-to-peak voltage Vpp of 20 V in combination 
with right-angle cross-nico! polarizers). 

The results are shown below. 
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10°C 

30°C 

40°C 

Response time (psec) 

383 

1 82 

1 1 4 

Ps (nC/cm 2 ) 

2. 58 

1 . 71 

1 .03 


Example 6 

A liquid crystal composition C was prepared by mixing the following example compound No. !-53 with 
the liquid crystal composition A prepared in Example 4 in the indicated proportions. 

Ex . Comp ^Ng, Str uctural f ormula wt. parts 


F 


1-53 



10 


Composition A 9 0 

The liauic crystal composition C showed the fo' lowing phase transition series. 
Phase transition temperature ( C) 

9.4 46.6 62.1 71 .4 

Cryst. SmC* ► SmA * Ch . * Iso. 


Example 7 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except for using 
the composition C. The ferroelectric liquid crystal device was subjected to measurement of the magnitude 
of spontaneous polarization Ps and response time in the same manner as in Example b, whereby the 
following results were obtained. 



10°C 

30°C 

jK)°C 

Response time (usee) 

36 2 

1 77 

9 6 

Ps (nC/em 2 ) 

3.19 

2 , 0 5 

1 .67 


Example 8 

A liquid -.rysta." ~ omnositinn 0 was ou /pared b 
i n di cat ed or o po r 1 1 ( 1 i s . 
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Structural formula 


wt. parts 


1 2 


10 


15 


20 


25 


CllH23 ^|<0>- OC 6 H 1 


CH- 


C 8 H 1 7"^)>^-CHCH 2 -)^CHC 2 H, 


GH- 


1 0 H 21 "\C)>\^-0-f CHji-j-CHOCH, 


10 


1 0 


30 


C 8«1 T^KO^-OC,^ 


35 


40 


45 


50 


55 


C 6 H 1 3 0 XO>°C-<0 


O 


vCv— OC 9 H 1 


o 
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C 8 H 1 7 s H >-CO 


O 



(O 


0/" C l 1 H 2 3 


C 5 H 1 1 < H >?0<0><U> C 1 1 H 23 


O 


CHt 

/ V i y | 3 

C 10 H 21 O \OH°\O> OCH 2 CHC 2 H ! 

o 


1 5 


C 4 H 9 -< H >CH 2 oVOK(J>- C 6 n 1 3 


: 5 H 1 1 A^/ CH 2°XQ/^Q>- C 6 H 1 3 


C 9 H 1 9KO) OCH 2^0A(l C 7 H 1 5 


C 6 H 1 b^O^^CO-^ 2 


O 


O 


CI CH: 


-N 


C 1 2 H 2 5aOH / OV OCCH ~ CHC 2 H 5 

vr N \~ J |j* * 

O 


I lie iiquid crystal composition D was further mixod with tho following bxample Compounds in th 
lopmtions indicated bolnw to provide a liquid crystal composition E 
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Ex . Comp . No . Structural formula v t. parts 


F 


1-1 6 n - C 4 H 9^^P^P>^OC 1 


O 


s / n v-/ x^/ . 2 H 25~ n 


F 

) — v N- 


n-C 3 H 7 ^yC0^><(^c 6[Il 3-„ 


1-65 


F 

\ — , N- 


«" C 6Hl B^^^X^C, 1 H 23 -n 


o 

Composition D 


90 


A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except for using 
the composition E. The ferroelectric liquid crystal device was subjected to measurement of response time in 
the same manner as in Example 5, whereby the following results were obtained. 

10 °C 25 Q C 40 °C 

Response time (psec) 658 337 197 

Comparative Example 1 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
liquid crystal composition D prepared in Example 8 was injected into a cell. The measured values of the 
response time of the device were as follows. 

10 °C 25 °C 40 °C 

Response time (fisec) 784 373 197 

Example 9 

A liquid crystal composition F was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition D prepared in Example 8. 
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Ex.Comp.N o, 


Structural formula 


wt . parts 


1-20 


n-C 4 H g 


O 


1-29 


1-64 


n-C.H^/^CO^Q)^^ 2 H 25 -n 3 

o o 

n " C 6 H 1 3\ V^°A0><0> C 8 H 1 7~ n 3 


() 


Composition D 


91 


A ferroelectric liquid crystal device was prepared in the same manner as in Examnte 5 except that the 
a hove liquid crystal composition F was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shewn below. 


1.0^C_ 25 Q C 4Q°C 

Response time (usee) 621 315 183 


Example 10 

A liquid crystal composition G was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition D orepaied in Example 8. 
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Ex.Comp.No. Structural formula wt, parts 


F 


I-l 5 n-C 8Hl 70-S 0 -^KSV9 C 1 0*21 -n 


s 

o 6 

F 

1-57 -- C 4H 9 /^CO^)/(^oC 9 H 19 -n 2 

o 

Composition D 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition G was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 

10°C 25°C 40°C 

Response time (psec) 720 353 199 


Example 1 1 

A liquid crystal composition H was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition D prepared in Example 8. 

Ex.Comp.No. Structural formula wt. parts 

F 

1-72 n -C 8Hl 7^^j°^^^C 4 H 9 -n 4 

O 


1-85 


F F 
\ — I N- 


n-Cl 0 H 21 ^V|°^«^-C 4 H g .a 


o 

F 

1-106 n r ^ 


-C 4 H 9 ^3-CO^>^"yc 12 H 25 -n 


s 

6 


Composition D 92 
A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
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above liquid crystal composition H was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 


1 0°G 


25°C 


40°C 


Response time (psec) 669 


334 


189 


[-"xample 12 

A liquid crystal composition I was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition D prepared in Example 8. 


Ex.Com p . No . 


Structural formula 


wt . par ts 


1-5 


1-1 26 



n-C 8 H 17 C^CO^X£|- C 10 


H 21 -n 3 


O 


o 


1-1 34 


n ~ C 6 H 1 3^y GH 2°^5KC5y° C 8 H 1 7~ n 


Composition D 


90 


A ferroelectric liquid crystal device was prepared in the same manner as in C xample 5 except that the 
above liquid a ysta! composition i was used, and the device was subjected :o measurement of optical 
response time. I ho results of tine measurement are shown below. 


10°C 


25°C 


40°C 


Response time (psec) 665 


33! 


191 


H>; ample 13 


A liquid crystal composition , I -.as prepared hv mixincj t iio ioHowiui j compounds in Mie : esnectiveiy 
■idiratOd Ot np:-ii iinns. 
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Structural formula 


C * H 17^>®>-OC6 H 1. 


8 H 17^K^ OC 9 H 1 


C 1oH21^HQ>-OCC 8 H 17 


o 


y N , , | ^ 

C 1 0 H 21 ^P><y)-04CH 2 ^ 7 -CHOC : 


N 1 J 


G 1 2 h 25"^ n X§)- ( Hch 2 -) t -<:hogh 


C 


= 4«9<H>|°^>|>C 12 H 25 


C 3"7-®-j»-©<^-C, oH21 


o 
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The liquid crystal composition J was further mixed with the following Example Compounds \r, 
proportions indicated below to provide a liquid crystal composition K. 


Ex . Comp , No . 


Structural formula 


wt .pa rts 


1-2; 


T-53 


^°-(0}<(3)- C 11 I - [ 23-" 


() 
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1-77 


F 

\ — , N- 


n-C 8Hl -J H 23 -n 

o 


Composition J 90 


A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition K was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 


10 °C 25 °C 40 °C 


Response time (psec) 560 292 163 

Comparative Exampfe 2 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
liquid crystal composition J prepared in Example 13 was injected into a ceil. The measured values of the 
response time of the device were as follows. 

10 Q C 25 °C 40 °C 

Response time (^isec) 653 31 7 159 

Example 14 

A liquid crystal composition L was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition J prepared in Example 13. 
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Ex . Com p . No . Structural formula wt . par ts 

F 

O 


1-1 45 n-C ? H 1 5 C-^ r ^CH 2 0-^5y{S)" OC 9 H 1 9~ n 3 

|| \ s / \_y 

o 


1 J 

-155 n-CgH, 3^^CH 2 O^XQ>-° C 9 H 1 9" n 


Composition J 9 3 


A forroeiectric liquid crystal device was prepared in (tie same manner as in Example 5 except that tin; 
above liquid crystal composition L was used, and the device was subjected to measurement ol optical 
response time. The results of the measurement are shown belew. 


10°C 25°C 40°C 


Response time (usee) 584 290 155 


Example 15 

A liquid crystal composition M was prepared by mixing the following example compounds in tin- 1 
indicated proportions with the liquid ciystal composition J prepared in Example 13. 
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Ex . Comp . No . 


1-2 
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Structural formula 
F 

n-C 5Hl , ^Vco^^pyoC, Q H 21 -n 
O 


wt . parts 


1-38 


n-CgH-, ? ^^CO-^y(g)-C(HCH 2 ^ r CHC 2 H 5 
O O 


1-10 


n - C 4 H 9^>f <C^O Cl , H 23 -n 


'S / II 
O 


Composition J 


92 


A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition M was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 


1 0°C 


25°C 


40°C 


Response time (jisec) 586 291 155 


Example 16 


A liquid crystal composition N was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition J prepared in Example 13. 
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Ex . Comn . No . 


Structural formula 


w t . p arts 


1-12 


0 


0 


1-70 


CI 
\ — , N- 


n-C 7Hl 5/^jj°X^(^>- C 1 3 H 27" n 


O 


Composition J 


95 


/\ fenooioctric liquid ciystal device was prepared in the same manner as in Example 5 except that trie 
ibovo liquid crystal composition N was used, and the device was subjected to measurement of optica! 
ospnnsi' 1 time. Th-:..- icsuits of the measurement arc shown belnw. 


1 o°c 


25°C 


40°C 


Response time (usee) 596 


295 


1 56 


Example 1 / 

A liquid crystal composition O was prepared by mixing the following example compounds in 
indicated proportions with the liquid crystal composition J prepared in Example 13. 


the 


Ex . Comp . No . 


Structural formula 


w t . parts 


n-C 3 H 7 C 


O 


CO-(Oyo c 8 H 17^ 


O 


C 1 2 H 2 5 ~ ri 


r -1 .10 


ii-c 3 h 7 -</ \ycn 0 o 


Composition J 


Q)-COC 10 H 2r -n 3 
O 

93 
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A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition O was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 

10°C 25°C 40°C 


Response time (fisec) 560 282 147 


Example 18 


A liquid crystal composition P was prepared by mixing the following compounds in the respectively 
indicated proportions. 

- Structural formula wt . parts 

C 9 H 19-^KQ>- OC 9 H 19 6 


C 10 H 21-<^V<g>OC 8 H 17 
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CH 


3 


C 8 H 1 7 aCDXQ)- 0 + OT 2^ JHC,K 5 


10 


CH- 


r~ / — \ I 
C 1 1 H 23°\OKOW CH 2-hr CHC 2 Hc 

V — M V„ — -l- 


1 4 


: !0 H 21-{C5V(5yc 6 H 

V_ ^ \ / 


1 3 


C 6 H 13<OHOKO> C 4 H < 


'25 


O 


25 


O 


1 0 


f: 10 , ^?1°XP>CS^O> oc flH l7 
O 


1 0 


CH- 


o 
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: 3«7-0-C B2 O^^c 8 h, 7 


C 1 0«21 K^Kg^OCHj^-C.H, 


C 


12H25 ^ N K^° CH 2j HC 5 H 11 


F 

C 5*1 ! -^CO^-OCH^HCgH, 3 
O 


/— x N-v | 3 

C 1 2 H 2 5°aOKOVcCHCH 2 ') T - CHC.H, 
N — / ^— N |J J * ^ b 

O 


N- 1 J 


G 1 2 H 25°"<^K^^ CH 2-^3- CHOC 3H 7 


The liquid crystal composition P was further mixed with the following Example Compounds in 
proportions indicated below to provide a liquid crystal composition Q. 

Ex.Comp.No. _ Structural formula wt , parts 

F 

o 
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F 

\ v N- 


1-51 


o 


1-62 


F 

n-CsHi 1 I"OT ° H21 -n 


o o 


Composition P 91 


A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except 'hat the 
ahuve liquid crystal composition Q was used, and the device '.vac subjected ie measurement of so;ieal 
response time. I he results of the measurement are shown below. 


1 0 °C 25 °G 40 °C 

Response time (psec) 571 310 1S1 


Comparative Example 3 

A ferroelectric liquid crystal device was piepared in the same manner as in Example 5 except thai the 
liquid crystal composition P prepared in Example 18 was injected into a cell, t he measured values oi the 
35 response time of the device were as follows. 


10 U C 25 °C 40 °C 


Response time ( jisec ) 668 340 182 


Example 19 

A liquid crystal composition R was prepared by mixing the following example compounds >n the 
indicated proportions with the liquid crystal composition P prepared in Example 18 
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Ex.Comp.No. Structural formula wt. pa rts 

F F 

1-13 n - C 6Hl3f>CO-M^gy 0 C 8 H 17 -n 2 


S' II 

o 


1-80 


r 

n-C^^^yco^K^c, 2 „ 25 -„ 

o 


I- 


F 

150 n-C 4 H 9 -^y C „ 2 o^>|^ > .c 12 H 25 -„ 


Composition P 


91 


A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition R was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 


1Q°G 25°C 4Q°C 

Response time (jisec) 558 298 172 


Example 20 


A liquid crystal composition S was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition P prepared in Example 18. 
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Ex . Comp . No, 


1-44 


n ~ C 1 2 H 25^^^°XOX^ 0 CCHOC 2 H 5 
S || 


o 


o 


:-1 31 n-C 8Hl 7 ^ yc 0 -<O>^ ^ >-C 1 2 H 25 - n 



o 


Compos i t ion P 


93 


A fenoeioetric liquid ciystal device was prepared in the same mannet as in Example 5 except that th 
above liquid aysta. composition S was used, and the device was subjected to measurement of optic; 
response T :"'- The results of the measurement are shown below. 


1 0°C 


25°C 


40°C 


Response time (usee) 447 


236 


132 


Example 21 


A liquid crystal composition T was prepared by mixing the following example compounds in th 
indicated proportions with the liquid crystal composition P prepared in Example 18. 


113 


EP 0 459 406 A1 

Ex.Comp.No. Structural formula wt. parts 

F 

-10 n 21 


1-1 7 


n-C 3 H 7 ^ r ^-CO-<^ COC-, n K„ -n 2 


1-90 


o 6 


F 

\ — v N- 


n- Cl 2 H 21 <^CO^)<g>-C 4 H 9 -n 


1-1 58 


F 

\ , N- 


n -°8 H 1 7|^ CH 2O^Q)K0-C 1 ! H 23 -n 2 


o 


Composition P 94 


A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition T was used, and the device was subjected to measurement of optical 
response time. The results of the measurement are shown below. 

1Q°C 25°C 40°C 


Response time (psec) 587 31 0 179 


Example 22 


A liquid crystal composition U was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition P prepared in Example 18. 
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Ex . Co mp . No . 
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Structural formula 


wt . par ts 


1-92 


1-99 


1-16 8 



Composition P 93 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 5 except that the 
above liquid crystal composition U was used, and trie device was subjected to measurement of optica! 
response time. The results of the measurement are shown below 

1 0°C 25 Q G 4 0°C 

Response time (usee) 599 321 186 

Example 23 

A blank cell was prepared in the same manner as in Example 8 by using a 2 % aqueous solution of 
polyvinyl alcohol :esin (PVA-117, available from Kuraray K.K.) instead of the 1.5 %-solution of polyimide 
resin precursor in dimethylacetoamide on each electrode plate. A ferroelectric liquid crystal device was 
prepared by filling the blank eel! with the liquid crystal composition E pioparod in Example 8. The liquid 
crystal device was subjected to measurement of optical tesponse time in tiie same manner as in Example 
5 The results are shown below. 

1 Q°C 25° C 4Q Q C 

Response time (psec) 631 322 186 


Example '?A 

A biank cell was prepared in the same manner as in Example 8 except for omitting the SiO. : layer to 
term an alignment control ! ayoi composed of the polyimide tesin iayei alone on each electrode piate. A 
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ferroelectric liquid crystal device was prepared by filling the blank cell with the liquid crystal composition E 
prepared ,n Example 8. The liquid crystal device was subjected to measurement of optical response time in 
the same manner as in Example 5. The results are shown below. 


10°C 25°C 40°C 


Response time (psec) 604 307 


178 


As is apparent from the above Examples 23 and 24. also in the cases of different device structures the 
dev,ces containing the ferroelectric liquid crystal composition H according to the present invention 
respectively provided a remarkably improved operation characteristic at a lower temperature and also a 
decreased temperature-dependence of the response speed similar to those in Example 8. 

Example 25 

4-(5-octyl-2-pyrimidinyl)-2-fluorophenyl 5-octylthiophene-2-carboxylate (Example Compound No I-75) 
was prepared in the following manner. 

1.62 g of the above compound was prepared in the same manner as in Example 1 except for using n- 
octanoyl chloride instead of n-hexanoyl chloride in the step i) and 4-(5-octyl-2-pyrimidinyl)-2-fluorophenol 
instead of 4-{5-undecyl-2-pyrimidinyl)-2-fluorophenol in the step v) (Yield: 76.8 %). 

Phase transition temperature (' C) 

72.7 77.1 

Cryst. , N x Iso> 

50.7 76.2 


Example 26 

4-(5-decyl-2-pyrimidinyl)-2-fluorophenyl 5-hexylthiophene-2-carboxylate (Example Compound No 1-181) 
was prepared in the following manner. ' 

1.79 g of the above compound was prepared in the same manner as in Example 1 except for usinq 4- 

v ! i Cy !"^ Pyrimidinyl) " 2 " flUOr0phen01 inSt6ad ° f 4 -( 5 - und ecyl-2-pyrimidinyl)-2-fluorophenol in the step v) 

(YigIq. 74.9 *%>)- 


Phase transition temperature (" C) 


64.3 77.6 

Cryst. t * n * i S o. 

33.9 76.7 


As described hereinabove, according to the present invention, there is provided a mesomorphic 
compound which can effectively be applied to a liquid crystal device utilizing ferroelectricity when the 
compound per se assumes a chiral smectic phase. Further, there is also provided a liquid crystal 
compos.t.on containing the compound and assuming a chiral smectic phase, whereby a liquid crystal device 
comprising the composition can be operated by utilizing ferroelectricity of the composition The present 
mvention provides a liquid crystal device using such a composition which shows a good switching 
characteristic, an improved low-temperature operation characteristic and a decreased temperature-depen- 
dence of response speed. The present invention further provides a display apparatus and a display method 
which employ such a device as a display unit, whereby good display characteristics can be obtained in 
combination with a light source, a drive circuit, etc. 

A mesomorphic compound represented by the following formula (I): 
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wherein R : and R> respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of including one or two or more non-neighboring methylene groups which can be replaced with -O-, 
-S-, 


-C-, -OC-, -CO-, -OCO-, -SC-, -CS-, 

II H II II I! li 

o o o o o o 

-CH = CH- -r. (;• or 


-CH- 

wherein X denotes halogen; Xi and X - respectively denote 

-O-, -C- , -OC-, -CO- or -OCO-; 

li ii H ii 

o o o o 

Zi denotes 

-co- 
ll 
o 

or -CFFO-; denotes a single bond. 



and Yi and Y. i ■r-spoe'svHy denote H, F. CI, Rr, -CM-., or -CF : with the proviso that YY and Y. arc not 
simultaneously I i. The mesomorphic compound is effective for providing a r'erroeloctrie liquid crystal 
composition shewing an unproved 'ow-tempoi attn o operation characteristic and a decreased tomporatute- 
dopeinlonoo ■ >\ lospcoso soeed. 

Claims 

1. A mosnmorpnio compound representor! by the lollowinq formula (I): 
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Y 1 Y 2 


2 (I), 


wherein R, and R 2 respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of including one or two or more non-neighboring methylene groups which can be replaced with 
-0-, -S-, 


T- 1°-- -°r- - s ir 

° O O O 0 0 


-CH = CH-. -C=C- 


or 


X 
I 

-CH- 

wherein X denotes halogen; Xi and X 2 respectively denote 

-OC-, -CO- or -0C0-; 

« ii il It 

o O o o 

Z: denotes 

-co- 
ll 
o 

or -CH 2 0-; Ai denotes a single bond, 


j— N N-N N-N _ 

and Y, and Y 2 respectively denote H, F, CI, Br, -CH 3 or -CF 3 with the proviso that Y< and Y 2 are not 
simultaneously H, 

A mesomorphic compound according to Claim 1, wherein X, denotes a single bond. 
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-0-, -C- or -CO-. 

II li 

o o 


3. A mesomorphic compound according to Claim 1, wherein X? denotes a single bond or -0- 

4. A mesomorphic compound according to Claim 1, wherein Z: denotes 

-GO- . 

li 
ll 

O 


5. A mesomorphic compound according to Claim 1, wherein Ri and \\ : respectively denote any one 
the following groups (t) to fiv): 

(i) an n-alky! group having 1-18 carbon atoms; 


™3 


wherein m is an integer of 0 - 7 and n is an integer of 1 - 9; 
(iii) 


? H 3 


^ CH 2^ CH ^ CH ?^ oc t H 2t + 1 


wherein r is an integer of 0 - 7, s is 0 or 1 , and t is an integer of 1 - 14; and 

(IV \ 


F 

CH 2 CHC x !I 2x + 1 

whoicn y is an integer of 1 - 1(5. 
6, A mesomorphic ■ vnpnund according to Claim I, wherein A • 1onot-s 
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7. A mesomorphic compound according to Claim 1 , wherein Y« and Y 2 respectively denote H or F. 

8. A mesomorphic compound according to Claim 1. which is an optically active compound. 

9. A mesomorphic compound according to Claim 1, which is an optically inactive compound. 

10. A liquid crystal composition comprising at least two mesomorphic compounds, at least one of which is 
a mesomorphic compound of the formula (I) according to Claim 1 . 

11. A liquid crystal composition according to Claim 10, which comprises 1 - 80 wt. % of a mesomorphic 
compound of the formula (I). 

12. A liquid crystal composition according to Claim 10, which comprises 1 - 60 wt. % of a mesomorphic 
compound of the formula (I). 

13. A liquid crystal composition according to Claim 10, which comprises 1 - 40 wt. % of a mesomorphic 
compound of the formula (I). 

14. A liquid crystal composition according to Claim 10, which assumes a chiral smectic phase. 

15. A liquid crystal composition according to Claim 10, wherein X, in the formula (I) denotes a single bond, 

-O-, -C- or -CO-. 
II II 

o o 


16. A liquid crystal composition according to Claim 10, wherein X 2 in the formula (I) denotes a single bond 
or -O-. 

17. A liquid crystal composition according to Claim 10, wherein Zi in the formula (I) denotes 

-CO-, 
II 

o 


18. A liquid crystal composition according to Claim 10. wherein R, and R 2 in the formula (I) respectively 
denote any one of the following groups (i) to (iv): 
(i) an n-alkyl group having 1-18 carbon atoms' 
(ii) 


^3 

-^ CH 2^r CH - C n H 2n + 1 


wherein m is an integer of 0 - 7 and n is an integer of 1 - 9- 
(iii) 


CH 3 


-fCH 2 -^CH-eCH 2 -^-OC t H 2t + 1 
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wherein r is an integer of 0 - 7, s is 0 or 1 , and t is an integer of 1-14; and 

(IV) 

F 
i 

CH 2 CHC x H 2x + 1 


wherein x is an integer of 1-16. 
19. A liquid crystal composition according to Claim 10, wherein Ai in the formula (I) denotes 



20. A liquid crystal composition according to Claim 10. wherein Y> arid Y.. respectively denote H or 1 . 

21. A liquid crystal novice, comprising a pair of electrode plates and a liquid crystal composition according 
to Claim 10 disposed between the electrode plates. 

22. A liquid crystal device according to Claim 21, wherein Xi in the formula (!) denotes a single bond, 


-0-, -C- or -CO-. 

II II 

o o 


23. A liquid crystal device according to Claim 21, wherein Xy in the formula (I) denotes a single bond or -O- 


24. A liquid crystal device according to Claim 21, wherein Z; in the formula (I) denotes 

-CO- . 

II 

o 


25. A liquid crystal device according to Claim 21, wherein R- and R.> in the formula (I) respectively denote 
any one of the- following gtoups (i) to (iv): 

(i) an n-aiky 1 gioup having 1-18 carbon atoms; 
fin 


-tCH^ CH-C n II 2n + 1 

wherein rn is an integer of 0 - 6 and n is an integer of 1 - 9; 

u:i) 
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CH, 
I 3 

-iCH 2 ^ F -CH-f<:H 2 -t F -OC t H 2t + 1 

wherein r is an integer of 0 - 7, s is 0 or 1 , and t is an integer of 1 - 14- and 
(iv) 

w F 

I 

CH 2 CHC x H 2x+1 

75 

wherein x is an integer of 1 - 16. 

26. A liquid crystal device according to Claim 21, wherein At in the formula (I) denotes 
20 i v 


25 

N ^ N-N 
KQ>- or y 

30 


27. A liquid crystal device according to Claim 21, wherein Y, and Y 2 respectively denote H or F. 

28. A liquid crystal device according to Claim 21, which further comprises an insulating alignment control 
35 layer. 

29. A liquid crystal device according to Claim 28, wherein the insulating alignment control layer has been 
subjected to rubbing. 

40 30. A display apparatus comprising a liquid crystal device according to Claim 21, and voltage application 
means for driving the liquid crystal device. 

31. A display apparatus according to Claim 30, wherein X, in the formula (I) denotes a single bond, 


45 


50 


55 


-O-, -C- or -CO-, 

il II 
o o 


32. A display apparatus according to Claim 30, wherein X 2 in the formula (I) denotes a single bond or -0-. 

33. A display apparatus according to Claim 30, wherein Zt in the formula (I) denotes 
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-CO-. 

II 

o 


34. A display apparatus according to Claim 30, wherein Ri and R : > in the formula (I) respectively denote 
any one of the following groups (i) to (iv): 

(i) an n-alkyi group having 1-18 carbon atoms; 



^ CH 2^¥ CH ' C n H 2n + 1 

wherein m is an integei of 0 - 7 and n is an integer of 1 - 9; 

(Hi) 

CH 3 

-4CH 2 ^r- CH-HCHj-J-g- OC t H 2t + 1 

wherein t is an integer of 0 - 7 s is 0 or 1, and t is an integer of 1 - 14; and 
(iv) 

F 

! 

CH 2 CHC x H 2x+1 

wherein x is an integer of 1 - 1 G 
35. A display apparatus according to Claim 30, wherein A : in the formula (I) denotes 



36. A display apparatus accenting !o Claim 30. wherein 't'- and Y. » oso< ■* ively .denote H oi f : 

37. A display apparatus according to Claim 34, which further comprises a drive circuit. 

38. A display apparatus according to Claim 34, which further comprises a light sour re. 
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39. A display method, comprising: 

providing a liquid crystal composition comprising at least two mesomorphic compound, at least one 
of which is a mesomorphic compound of the following formula (I): 

Y 1 Y 2 

R 1 -X 1 ^)- Zl ^)- Al _ X2 _ R2 {1)f 

wherein R, and R 2 respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of including one or two or more non-neighboring methylene groups which can be replaced with 
-0-, -S-, 


~S~' ~°m~' ir 0- ' -° c °-' -sc-, -cs-, 

II I I || |! || 

o o o o o o 

-CH = CH-, -C C- or X -CH- wherein X denotes halogen; X! and X 2 respectively denote 


-O-, -C-, -OC-, -CO- or -OCO-; 

II ii II ii 
o o o o 


Zi denotes 


-co- 
ll 
o 


or -CH 2 0-; Ai denotes a single bond, 


is)-- 


i— N N-N N-N 

^ -v-- < Q > ° r <>- ; 

and Y, and Y 2 respectively denote H, F, CI, Br, -CH 3 or -CF 3 with the proviso that Y, and Y 2 are not 
simultaneously H; and 

switching the alignment direction of liquid crystal molecules by applying voltages to the liquid 
crystal composition to effect display. 

40. A display method according to Claim 39, wherein X, in the formula (I) denotes a single bond. 
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-0-, -C- or -CO- . 
II H 

o o 

41. A display method according to Claim 39, wherein in the formula (I) denotes a single bond or -0- 

42. A display method according to Claim 39, wherein Z< in the formula (I) denotes 

-CO-. 

II 

o 


43. A display method according to Claim 39, wherein Ri and R- in the formula (I) respectively denote any 
one of the following groups (i) to (iv): 
>o (i) an n-alkyl group having 1-18 carbon atoms; 

(in 


? H 3 


wherein m is an integer of 0 - / and n is an integer of 1 - 9; 
w (in ) 


? H 3 


— f-CH 2 -hr" CH ^ ^ H T*ir OC t H 2 1 + 1 


wherein r is an integer of 0 - 7, s is 0 or 1 , and t is an integer of 1 - 14; and 

(iv) 


F 

! 

I 

CH 2 CHC x H 2x+1 

wherein / :s an integet '.if 1 - Hi. 
44. A display method aceotding to Claim 39, whomm A- in the iomnila (I) du'not; 
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N N-N 

45. A display method according to Claim 39, wherein Yi and Y 2 respectively denote H or F. 

46. A display method according to Claim 39, which is an optically active compound. 

47. A display method according to Claim 39, which is an optically inactive compound. 

48. A display method according to Claim 39, wherein the liquid crystal composition comprises 1 - 80 wt. % 
of a mesomorphic compound of the formula (I). 

49. A display method according to Claim 39, wherein the liquid crystal composition comprises 1 - 60 wt. % 
of a mesomorphic compound of the formula (I). 

50. A display method according to Claim 39, wherein the liquid crystal composition comprises 1 - 40 wt. % 
of a mesomorphic compound of the formula (I). 

51. A display method according to Claim 39, wherein the liquid crystal composition assumes a chirai 
smectic phase. 

52. A display method, comprising: 

providing a liquid crystal device comprising a pair of electrode plates and a liquid crystal 
composition disposed therebetween comprising at least two mesomorphic compound, at least one of 
which is a mesomorphic compound of the following formula (I): 


Y 1 Y 2 


R 1 -X 1 -^~y Zl -^>_A 1 -X 2 -R 


2 (I) , 


wherein R, and R 2 respectively denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of including one or two or more non-neighboring methylene groups which can be replaced with 

~o~, ~s~, 


~fr~' ~°?r r ~ c °-' -oco-, -sc-, -cs-, 

I' il H li ii ii 

o o o o o o 

-CH = CH-, -C C- or 


X 
I 

-CH- 


wherein X denotes halogen; Xi and X 2 respectively denote 
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-0-, -C- f -OC-, -CO- or -OCO-; 


ti 


p 


o o o o 

Zi denotes 


-CO- 
ll 

70 ! i 


o 


or -CH.-0-; A- denotes a single bond, 


\oy, y, ^ v or < ) 


and Y- and Y- respectively denote H F. Gl, Br. -CH, or -OR with the proviso that Y- and Y- a: ; not 
simultaneously H: and 

switching the alignment direction of liquid crystal molecules by applying voltages to the liquid 
crystal composition between the electrode plates to effect display. 

53. A display method according to Claim 52, wherein X- in the formula (I) denotes a single bond, 


-O-, -C- or -CO-. 

II H 

o o 

54. A display method according to Claim 52, wherein X- m trio formula (I) denotes a single bond oi -O- 

55, A display method according to Claim 52, wherein /_■ m the formula (I) denotes 


-CO- 


56. A display method according tc Cairn 52. wnen :ir R- aoc R. n 'he formula 2) iospoctiv.-:iv eennto 
one of tne Cl.nwinq groups a) t-j (iv >; 

(i) an n-alkyi group having t - 18 nadonn 
fii) 
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CH 3 

-fCH 2+fir CH-C n H 2n+1 


wherein m is an integer of 0 - 7 and n is an integer of 1 - 9- 
(iii) 


? H 3 


wherein r is an integer of 0 - 7, s is 0 or 1 , and t is an integer of 1 - 14- and 
(ivp 


F 
I 

CH 2 CHC x H 2x+1 


wherein x is an integer of 1 - 16. 
57. A display method according to Claim 52, wherein Ai in the formula (I) denotes 



58. A display method according to Claim 52, wherein Yi and Y 2 respectively denote H 

59. A display method according to Claim 52, which is an optically active compound. 

60. A display method according to Claim 52, which is an optically inactive compound. 
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